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DID YOU MISS THESE ISSUES? 


Project Book 1 


Universal Timer. A programmable 

controller with 18 program times 

for up to 4 mains appliances. 

Combo Amplifier. Superb 120W P* 
MOSFET power amp with low-noise ; ohn 
BI-FET pre-amp having built-in flanger, |. 

inputs for guitars, keyboards or micro- 

phones, and a five-step equaliser. 

Temperature Gauge. Cotoured LED 

indication of 10°C to 100°C. 

Pass The Bomb! Low-cost easy-to-build electronic version of 
pass-the-parcel, keeps kids amused for hours! 

Six easy-to-build Projects on Veroboard. Car Battery Monitor -— 
Colour Snap Game - CMOS Logic Probe - Peak Level Indicator - 
Games Timer — Multi-Colour Pendant. 


All this for only 70p. Order As XA01B (Maplin Project Book No. 1) 
Price 70p NV. 


Project Book 3 


2X81 Keyboard. Full-size full- 

travel 43-key keyboard with 

electronics makes graphics, 

functions and shift lock, single ; 

key selections. Keyboard plugs 

directly into sockets inside ZX81 4 

and there is no soldering in \: 

2X81. Gives fast, reliable entry. ; 

Stereo 25W MOSFET Amp. Kit 

includes wooden cabinet and " 

printed and punched chassis. a 

This superb 25W rms per chan- 

nel amp has inputs for magnetic 

pick-up, tape tuner and aux. 

Very easy to build, no setting 

up, superb frequency response, 

low noise low distortion and the grandeur of MOSFET sound. 
Radar Intruder Detector. Home Office type-approved detector 
gives coverage up to 20m. May be used with our Burglar Alarm. 
Remote Control for Train Controller. Infra-red, radio, or 
wired remote control units for our Multi-Train Controller. 


All this for only 70p. Order As XA03D (Maplin Project Book No. 3) 
Price 70p NV. 


Project Book 5 


Modem. A low-cost high quality unit 

capable of 300 baud transmission 

speed over normal telephone lines. 

Send data to your friends anywhere 

in Europe or talk to our computer. 

Inverter. Reliable MOSFET design is 

ideal for camping, caravanning or 

standby use during power cuts. 

2X81 Sound Generator. This unit : 

plugs into the Maplin ZX81 extension {ih} 

board and gives full control from ke 

BASIC of 3 tone generators, with 

single address access. < 

Central Heating Controller. Optimise performance of your 
heating system with this advanced unit. 

External Horn Timer. To comply with latest legal requirements. 
Panic Button. Add on to our Home Security System. 

Model Train Projects. Additions for our Multi-Train Controller. 
Interfacing Microprocessors. Describes the use of parallel 
input/output ports. Complete with circuits. 


All this for only 70p. Order As XAO5F (Maplin Project Book No. 5) 
Price 70p NV. 
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PROJECTs 


Digital Multi-Train Controller. Controls 

up to 14 loco’s with up to 4 simultan- 

eously. Features automatic short- ree 
circuit protection and DC supply 


I~ 
lights etc. Modules will fit in most . 


modern 00-scale engines. 

Home Security System. With six ar 
independent channels and 2 or 4- wild 
wire operation, main and external — 
tamper-proof cabinets, and 

detection of open or short circuits or just resistance change, the 
unit offers a high degree of protection with excellent long-term 
reliability. 

Digital MPG Meter. Easy to build with large LED display, makes 
motoring more economical. 
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present all the time for carriage $9 R38 


All this for only 70p. Order As XA02C (Maplin Project Book No. 2) 
Price 70p NV. 


Project Book 4 


Telephone Exchange. Up to 32 extens- 
ions On 2-wire lines for home, office or 
factory. Save £££’s on rental charges. 
Details for up to 16 lines in this book. 
Remote Control for Amplifier. Adjust 
volume, balance and tone whilst you 

sit back and relax with our infra-red 
remote control. For use with our 25W 
Mosfet stereo amp or almost any amp.. 
Frequency Counter. Superb easy-to- 
build low-cost 8-digit counter with 
superior specification covers 10Hz to 
600MHz range. Incorporates full push- 
button control, electronic switching, and 1 input for whole range. 
Ultrasonic Intruder Detector. This easy-to-build ultrasonic 
transceiver covers up to 400 square feet; though more than one 
unit can be used for larger areas. The unit automatically adjusts 
itself to transmit at the frequency where the transducers give 
their maximum output. Up to three of these units may be 
connected to our Home Security System. 


All this for only 70p. Order As XAO4E (Maplin Project Book No. 4) 
Price 70p NV. 








Project Book 6 


MAp 
VIC20 and ZX81 Talkbacks. Projectsto = PROJE 
enable these micro’s to speak! VU 






Allophone based system gives \ k : iz <Vo 
unlimited vocabulary. Plus a WE ae 
fascinating article on speech synthesis as ; 


techniques using allophones. 

Scratch Filter. This tunable design will 
make those old scratched records t 
playable again. 

Bridging Module. Use this kit and two at 
Maplin 75W MOSFET amplifier ; g pe 
modules to make a superb 400W TAS rae 

amp. — with loudspeaker protection. 

Moisture Meter. A low cost project which enables you to check 
walls and floors for damp. 

ZX81 TV Sound and Normal/inverse Video. Your ZX81 can now 
give you sound directly on a TV, plus inverted video 

display facility. 

Four Simple Veroboard Projects:— Portable Stereo Amplifier, 
Sinewave Generator, Headphone Enhancer and Stylus Organ. 


All this for only 70p. Order As XA06G (Maplin Project Book No. 6) 


Price 70p NV. 
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Radio Control System .... 43 





A 4-channel radio control system having 
two oroff channels and two proportional 
pulse-width-modulated channels. The 
system does not require an operating 
licence as it operates at low power on the 
27MHz band just below CB frequencies. 


Explosive Gas Alarm eeoeeee 2 
Detects Butane, Propane, Methane, Town 
Gas, Natural Gas, and Petrol Vapour and 
sounds a strident alarm before a danger- 
ous quantity of the gas has built up. Now 
safety from explosions in your house, 
caravan, boat, etc. is assured! 


Plagh Meter SOCCCOESTSOSSCOSESESCE 12 
Perfect flash photog- 
raphy is now easy 
with our inexpensive 
easy - to - build Flash 
Meter. With a useful 
range from f5.6 to f90 
and 25 to 400 ASA, 
this meter will work 
with almost any cam- 
era and flash-gun. 


Musical Announcer ........ 22 
The doorbell with a 
difference. 28 differ- 
ent tunes and chimes 
for you to choose 
from and an adjust- 
able piano to organ 
tone make this the 
ultimate in doorbells! 


Mains Controller for 

8-channel Fluid Detector . 34 
How to use the digital outputs from our 
Fluid Detector in Issue 11 to 
control mains devices. 











Magnificent Seven ........ 54 
Seven magnificent circuits to build inc- 
luding a Resistance Meter, Woodblock 
Synthesiser, 8-channel ADC for Atari, 
Capacitance Meter, High Impedance 


Voltmeter, DXer's State Variable Meter 
and a simple Metal Locator. 





Lasers & Fibre Optics ....... 6 





How solid-state lasers are made and how 
and where they are used today in 
conjunction with fibre optic cables. A 
fascinating look into this new technology 
that is becoming more and more 
important in our everyday lives. 


Seund Advice O6S0C0OFCSOS008 17 





How to improve your combo, disco, 
group or PA speakers. An in-depth study 
showing what to look for in a speaker to 
be sure you're getting value for money. 


Measurements 

Ine Electronics SOCCoeeeeseoeos 39 
Part 5 looks at fault-finding in electronic 
circuits using a multimeter and signal 
injector and the ‘logical approach’, which 


Electronic Chronicles éecese OO 





Edison, Tesla and Marconi are the 
subjects of this quarter’s look at the great 
inventors who brought us the incredible 
technology we all take for granted today. 


The ZX81 & Your Boat .... 26 
In this second and final part, all the 
electronics you need is explained and the 
programs are listed that make all the 
parts described in part 1, fully interactive. 


Taken For Granted ........ 50 
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Electricity in the home is taken for 
granted, but we show you why you 
should take a good look at your install- 
ation and where to make improvements 
that increase its safety. 


First Base, Project Fault Finding & 
Machine Code Programming 

With The 6502 

We very much regret that the next parts 
of these series have had to be held over 
due to lack of space. They will be 
continued in our next issue. 


Catalogue Amendments ...............:c0008 49 
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Dangerous gas leaks, particularly in 
confined spaces, causing explosions and 
fires, are becoming a more common 
occurence, usually damaging property 
and often maiming or even killing people. 
The Maplin gas detector has been 
designed to prevent the build-up of these 
gases by sounding a loud alarm before 
sufficient gas has leaked to cause a 
damaging explosion. The sensor used 
consists of two separate units, the sensor 
itself and a reference compensator. Both 
elements are connected in series and 
used to form two legs of a Wheatstone 
bridge. The two elements have similar 
resistance under normal conditions and 
vary equally with changes of ambient 
temperature, maintaining the bridge in 
balance. The presence of an inflammable 
gas causes the sensor element to 
increase in temperature, due to the 
oxidization of the gas on the surface of its 
platinum heating element. This increase 
in temperature causes an increase in 
resistance of the element and thus the 
bridge becomes unbalanced, the 
detection of which causes the alarm to 
sound. 

The fairly high current (about 
400mA) required by the sensors and their 
associated circuitry make it undesirable 
to have the sensors permanently 
energised, particularly when installed in 
a boat or caravan where the power is 
supplied from a 12V_ battery. This 
problem is overcome by testing for gas 
once every 5 or 6 minutes and latching 
the alarm on when gas is detected. This 
test period is adequate because in most 
cases the build up of gas, due to a leak, is 
fairly slow and the alarm should operate 
well before a dangerous level is reached. 

The system will detect all common 
explosive or inflammable gases such as 
Butane, Propane, Methane, Town Gas, 
Natural Gas, and Petrol Vapour. The 
sensors are enclosed in double wire 
mesh housings to prevent any chance of 
the sensor itself igniting any gases 
encountered. 
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How it Works 


The Wheatstone bridge, previously 
mentioned, consists of R2, R4, RV1, and 
the two sensing elements. The balancing 
of the bridge is performed by adjusting 
RV1. The CAL switch (S1) is used to 
unbalance the bridge by a small amount, 
simulating the presence of a small 
amount of gas, this being used in setting 
up the alarm for maximum sensitivity. The 
state of the bridge is monitored by the 
dual op-amp, ICla and IClb, whose 
output is used to turn on TR3 under alarm 
conditions. IC4 forms a dual oscillator to 
produce the warbling alarm tone, and its 
output is fed to TR4 which drives the 
Piezo tweeter which provides the audio 
output. The alarm, when activated, 
latches on and sounds continuously until 
reset by the action of S3, which also 
disconnects the speaker for testing 
purposes. Latching is performed by 
connecting the positive voltage fed from 
the collector of TR3 (under alarm 
conditions) back to the inverting input of 
ICla via D3, D4 and R&S. 

The sequence timing of the alarm is 
carried out by IC3, which is a 14 stage 
ripple counter with built in oscillator. The 
frequency of the oscillator is determined 
by R17, C3 and C4 munning at about ! 
cycle every 4 seconds. The various 
outputs from IC3 are used to control the 
switching regulator TR1 and to enable the 
monitor circuit via IC2, R13 and DS. The 
sensors require at least 20 seconds to 
settle down after power is applied before 
a test can be made and for this reason the 
sensors are powered for about 80 
seconds per test cycle, but the alarm is 
only enabled for the last 40 seconds of 
this period. The time between tests can 
be altered by selecting various straps but 
under normal conditions the shortest 
period is recommended. (Link A to B). 
The sensors require a stable supply 
independent of variations of the incoming 
supply voltage, this is achieved by the 5V 
regulator (REG1) which provides the 


Maplin Magazine December 1984 

























































Figure 1. Circuit diagram of Gas Alarm 


base current for the power switching 
transistor (TR1) via TR2, which forms part 
of the control circuit, fed from IC3. 

The TEST switch (S2) overrides the 
timer connecting power to the sensors 
and also enabling the alarm circuit. LED2 
lights whenever current is drawn by the 
sensors and will be on continuously when 
S2 is in the TEST position. Note that when 
the alarm is working, LED2 will only be 
on for the 80 seconds of the test period 
during each test cycle. LED3 gives an 
indication of an alarm even when the 
ALARM CANCEL switch (S3) is operated 
and is used for setting up purposes. LED 
1 flashes at clock rate and is an indication 
that the timer is running. 


Construction 


Construct the circuit board referring 
to the Parts List and component overlay 
on the board. Ensure the correct polarity 
of all diodes, transistors, integrated 
circuits and electrolytic capacitors. The 
sensors should be mounted carefully on 
their board, avoiding excessive heat and 
making sure that the one marked with the 
spot is in the correct position. The 
required amount of cable should be 
connected to the sensor board at this 
stage but not terminated on the main 
board before testing. 
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01,2 =1N4001 IC1 = CA3240E 
03-14 = 1N4148 1C2 = 40118E 
REG1 =uA78LOSAWC = 1C3 = 4060BE 


(C4 = 4001BE 
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| Setting Up and Testing 
| Connect the 10 ohm test resistor 
provided with the kit in place of the 
sensors (between pins 2 and 3). Switch S3 
to ALARM OFF and S2 to TEST. Connect 
12-24V to the unit and observe LED]; this 
should flash regularly at about once 
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every 4 seconds. Connect a multimeter; 
set to a range that reads up to l0V, 
between -—V battery supply (pin 5) and 
pin 3 (also connected to one end of test 
resistor). A reading of between 4.] and 
4.6 volts should be obtained at this point. 
Transfer the meter to pin 2; a reading of 
1.4 to 1.8 volts should be measured. 















































NOTE, if these readings are not correct 
DO NOT connect the sensors. WARNING, 
the test resistor will become HOT during 
this test. 

When the above conditions are 
correct, disconnect the supply and 
remove the test resistor. Connect the 
sensor cable ensuring correct location of 
wires. Re-apply power and check that 
LED2 (Green) is on. When current is first 
applied to the sensors, a slight smell of 
burning may be noticed; this is quite 
normal. Turn RV1 fully clockwise; in this 
position LED3 (Red) should be out. Wait 
20 seconds then rotate RV1 slowly 
anti-clockwise until LEDS is just on. Very 
carefully rotate RV1 clockwise again until 
the LED is just extinguished but can be 
made to light by pressing the CAL button. 
This process must be done with extreme 
care if maximum sensitivity is to be 
obtained. 

Disconnect the power for about 1 
minute. When the power is re-applied, 
the ALARM LED should light immediately 
but go out after a maximum of 30 seconds. 
If the LED remains on after this period, 
slightly re-adjust RV1 anti-clockwise but 
make sure the above test conditions are 
met. Check that the alarm sounds when 
the ALARM LED is alight and S3 is 
normal.The unit is now ready for use, but 
a further test may be carried out under 
actual working conditions. Place the 
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Figure 2. Track layout of main PCB 
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sensor board in a container of about 5 
litres capacity (e.g. a large ice-cream 
container) and arrange a loose fitting 
card lid to cover it. Fill a small container 
of about 65cc (e.g. a small aerosol lid) 
capacity with butane from an ordinary 
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gas cigarette lighter and cover with card 
or a sheet of paper. With the alarm set, 
carefully slide the lid from the small 
container and pour the gas (Butane is 
heavier than air) into the large container; 
then cover this container. The alarm 
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Figure 3. Gas Sensor PCB 


should sound within a maximum of 6 
minutes and remain latched until reset by 
S3. WARNING, do not carry out this test 
near a naked flame, near incandescent 
material or when smoking! 


Installing the Alarm 


The sensor board may be located up 
to 5 metres from the main alarm unit. Most 
common explosive gasses are heavier 
than air and therefore the sensors should 
be located at the lowest point where gas 
will collect. A free flow of air must be 
provided around the sensors and they 
must be kept free from contamination by 
oil or water. This alarm system is 
primarily designed for use in boats 
where power is supplied from a battery, 


RESISTORS: All 0.4W 1% Metal Film unless specified. 
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Figure 5. Wiring diagram 


R1,3,7,19,23 lk . 8 
R2,4,5,10,11, 

13,15,20 4k7 8 
R6 2k2 1 
R8 470 1 
Ro 102 “’W Carbon 1 
R12,21,26,28 10k 4 
Ri4 100k 1 
R16 1000 1 
R17 2M2 1 
RI8 2k7 1 
R22,25 470k 2 
R24 68k 1 
R27 18k 1 
3302 YW Carbon 1 
RV1 Pot Lin 10k 1 
RT 102 YW Carbon (Test Resistor) 1 
CAPACITORS 
cl 10nF Polycarbonate 1 
c2 100nF Polycarbonate 1 
c3 luF Polycarbonate 1 
Cc $60nF Polycarbonate 1 
C56 220nF Polycarbonate 2 
C7 100.F 25V PC Electrolytic 1 
cE Ceramic , 1 
ce 10uF 63V PC Electrolytic 1 
SEMICONDUCTORS 
D12 1N4001 2 
D3-14 inc. 1N4148 12 
TRI BD711 1 
TR2,3 BC327 2 
TRE BCS4E 1 
REG} pATBLOSAWC 1 
Cl CA3240E 1 
IC2 4011BE 1 
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but it could also be used in the home 
when fed from a suitable mains power 
supply (requiring about 800mA at 12 
volts). Finally, when gas is encountered, 
remember to ventilate the area well and 
beware of any form of ignition from 
naked flames, cigarettes, hot surfaces, 
sparks from electrical switching or other 
causes. 
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A Kit of parts is available (excluding Optional items). 
Order As LK60Q (Gas Alarm Kit) Price £23.95 


The following parts used in this project are also available separately, 


but are not included in our current catalogue. 
GB69A Gas Detector PCB Price £2.45 
GB79L Sensor PCB Price £1.15 
FM87U Gas Detector Sensor Price £6.99 
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by D. Stewart 


The laser beam sliced through the 
sheet of metal and James Bond's legs 
nearly parted forever, in the film. 
Fortunately, lasers have been used to do 
more good than harm. They have been 
used for instance in medicine to repair 
the retina of the eye without the use of 
stitches. Also in entertainment to produce 
three dimensional holography at discos 
and they will probably be the basis of 
three dimensional television. So what are 
the principles that make lasers possible? 


Light Sources 


We could use a light bulb but we 
would not be able to switch it on and off 
as rapidly as we would like so we have to 
turn to semiconductor devices. There are 
two, the light emitting diode (LED) and 
the laser (light amplification by stir-ulat- 
ed emission of radiation). 

Both these devices work the same 
way. Referring to the energy band 
diagram of Fig. 1, if a p-n junction is 
forward biased, the hole-electron pairs 
recombine and a photon or packet of 
light is released. The main difference 
between LED's and lasers is that in LED's, 
the electrons fall from the conduction 
band to the valence band spontaneously 
while lasers have to be stimulated. 

The wavelength emitted depends on 
the gap between the valence and 
conduction bands and for gallium alumin- 
ium arsenide (GaAlAs), this is 0.85.m 
which can be changed slightly by altering 
the percentage of aluminium. 


Lasers 

Here we will deal only with semicon- 
ductor lasers; ruby and gas lasers are 
mentioned in Applications. The chips are 
about 400%m square with perfectly 
perpendicular ends and mirror surfaces. 
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Figure 2. Double Heterojunction Laser 


Now what could be prettier! Fig. 2 shows 
a double heterojunction with alternate 
layers of GaAlAs (Gallium Aluminium 
Arsenide) and GaAs. Early lasers were 
homojunctions and heterojunctions. 

The layer of GaAlAs has 5% alumin- 
ium in the active region and 35% in the 
passive region. This prevents fracture 
should the device expand from the heat 
generated. Copper heat sinks are solder- 
ed onto the laser using indium as the 
solder since indium is soft and flexible. 

When a spontaneously emitted phot- 
on is reflected by the end mirror and 
meets an electron about to emit another 
photon, stimulated emission occurs and 
more photons are released. This makes 
lasers brighter than LED's and lasers can 
operate for about eleven years at room 
temperatures giving an output of about 
SmW. 
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Figure 4. Burrus Diode 
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The bandwidth of lasers for informa- 
tion carrying purposes is also wider than 
that of LED's. This is because the line 
width is narrower than that of LED's 
hence increasing the useful bandwith. 
The spectrum emitted by an LED could 
be as wide as 20nm (nanometres: Inm = 
10-°m), whereas the line width of a laser 
is only lnm. The emission from a laser is 
more faithful because the lasing feature 
enables photons to stimulate other phot- 
ons of the same wavelength. 

The stripe is the active region and 
helps to reduce the threshold current 
(Fig. 3). The threshold current is the 
current at which lasing starts and the 
heterostructure geometry also helps to 
reduce this threshold. In practice the 
strip is between 54m and 20um but what 
is more important is that the refractive 
index of the stripe must be uniform to 
give a straight line in the characteristic. 


LED'S 

These operate in the infra-red range, 
at 0.85-0.95m and are similar to lasers 
i.e. not pumped or stimulated. The LED's 
efficiency can be increased by creating a 
well and such high radiance diodes are 
called Burrus diodes (Fig. 4). 

Even more efficient than Burrus 
diodes are edge light emitting diodes 
(ELED’s). The sandwiched layers are the 
same as those of a laser so they are 
cheap to manufacture. 

Instead of emitting light from the 
well, ELED's emit light from the edge in 
the same manner as lasers. Even the 
stripe is etched in the insulated oxide 
layer but with one big difference. The 
stripe does not appear over the full length 
of the chip in the ELED and therefore the 
region without a stripe is an absorption 
region. Light is absorbed here so no 
feedback takes place to produce laser 
action. 


Light Detectors 

Light travels in packets of energy 
called photons which are related to the 
velocity and wavelength of light as 
follows:- 

he 

Energy per photon = - 
where c = velocity of light, \ = wave- 
length of light and h = Planck’s constant. 

Detectors operate in exactly the 
opposite manner to light emitters i.e. in 
light emitters, electrons were releasing 
light but in detectors, light releases elec- 
trons. These electrons move from the 
valence band to the conduction band of 
Fig. 1 and this can happen only if the 
energy given up by the photon is equal to 
the energy of the band gap. So in order to 
detect a source radiating at 0.854.m we 
need a detector that is sensitive to the 
same wavelength. 

Two kinds of detector are available; 
the avalanche photodiode (APD) and the 
positive intrinsic negative (PIN) diode. 

Good diodes will have the following 
characteristics: low capacitance, low 
dark current, fast response and high 
efficiency. Dark current means that the 


7 


| 
| 
| 
| 
1 
i] 



































diode conducts even when light is not 
falling on it hence it will be difficult to 


detect a weak signal. Low capacitance 


decreases the time taken by carriers to 
cross the junction. 

The efficiency is measured as fol- 
lows: if say 100 photons fall on the 
detector, releasing 90 electrons, then the 
efficiency is 90%. At least 21 photons 
must fall on the detector to reproduce a 
digital one. 


Avalanche Photodiodes 

Fig. 5 shows the voltage—current 
characteristic of an APD and the forward 
current is the same with and without light. 
In the reverse direction, the dotted line 
shows current flowing in the dark. 

For communications purposes lasers 
and detectors are operated at certain 
wavelengths that are optimum for optical 
fibre as we shall see later. These 
wavelengths are 0.854m, 1.34m and 
1.554um and silicon APD's are suitable 
for operation at 0.854um but germanium 
ones are required for use at the other two 
wavelengths even though germanium 
ones have high dark currents. 

One drawback of APD's is that they 
need high reverse biases typically 100V 
and there is the difficulty of running such 
high DC voltages along a route. Never- 
theless, APD's have gains of 10°, but those 
with lower gains are adequate. 

An APD is shown in Fig. 6. The 
junction is placed near the surface so that 
the avalanche effect can be started by 
electrons in the heavily doped n+ region. 
But the strong field could break down the 
junction and a guard ring is required. 
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Figure 5. APD Responses 
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Figure 6. Avalanche Photodiode 
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PIN Diodes 

The intrinsic layer is a low doped n 
type layer. We mentioned the need for 
low capacitance earlier and this can be 
achieved by increasing the width of the 
intrinsic layer. However, a limit is 
reached when the leakage current starts 
to increase and a suitable compromise is 
an i-region of about 100um in a chip size 
of about 4004m square. 

A phenomenon called the reach- 
through effect is used for rapid collection 
of electrons. It works like this. Take a PIN 
diode and apply a reverse bias, then 
shine a photon of light on it. In a p-type 
material holes are the majority carriers 
and electrons the minority carriers 
(opposite for n-type materia]). Under the 
influence of the reverse bias, the minority 
Carriers flow across the junction but the 
majority carriers do not. This has the 
effect of clearing the carriers to the 
majority sides hence creating a depletion 
region right through to the heavily doped 
substrate. 

PIN diodes need an FET amplifier as 
the next stage since the signal is weak 
but they have a faster response than the 
APD's. 


Optical Fibres 


Having discovered a light source 
and a suitable detector, it only remains to 
connect the two with a piece of glass. Not 
any old glass, a quick flash in window 
glass will get us nowhere. All the impuri- 
ties need to be removed. 

So we get a strand of pure fibre and 
connect the source to the detector, switch 
on the source and get nothing at the 
detector. Why? Because the light is very 
quickly reflected out of the fibre. Now we 
get clever and cover the fibre with more 
glass of a lower refractive index so that 
the rays are reflected back into the fibre. 


|| 
| Figure 8. Vapour Deposition 





This is much better but still has its 
drawbacks. To start with, no light emit- 
ting source emits a pure wavelength, 
though the linewidth of lasers is narrower 
than say the linewidth from a searchlight. 
So if we have several wavelengths close 
to each other and modulate them, the 
bandwidths would overlap and this would 
limit the useful bandwidth. 

The same sort of thing also happens 
when light bounces down a fibre. There 
are three modes of propagation down a 
fibre and these are shown in Fig. 7. 
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Figure 7. Propagation Modes 
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Multimode Fibre 

Rays travelling parallel to the axis 
will arrive at the detector quicker than 
those that have been bounced off the 
edges and once again this reduces the 
useful bandwidth. The core of multimode 
fibres is usually about 50um and the 
refractive index about 1.5% higher than 
that of the cladding. Now we can see why 
we have been speaking of propagation in 
terms of wavelength instead of frequen- 
cy. It is easier to compare wavelengths 
with the fibre dimensions just as we do in 
mocrowave waveguides and optical fibre 
is after all a light waveguide. 
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Figure 9. Double Crucible Method 





Light Power 





Drive Current 


Figure 10. Coupling Efficiency 


Graded Index Fibre 

Instead of bouncing the waves off 
the cladding we can speed them up by 
making the refractive index between 
core and cladding gradual instead of a 
step. 


Monomode Fibre 

- or Singlemode as the Americans 
call it. If we select just one wavelength to 
propagate, then the core need be only 
about 64m wide. It is difficult to launch 
power into a fibre this small and source to 
fibre connections need to be carefully 
aligned so as not to waste power. 


Losses in Fibres 

Care needs to be exercised during 
manufacture not to introduce physical 
deformities or chemical impurities which 
would cause absorption or scattering of 
the signal. 

However impurities cannot be re- 
moved entirely and water for instance 
December 1984 Maplin Magazine 
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Figure 11. Butt Joint 





Figure 12. Lens Joint 


can absorb signals at 0.954m which is 
near the operating region of communica- 
tions systems. 

Absorption can also take place due 
to metallic impurities like iron, chrome, 
titanium, cobalt etc, the absorption de- 
pending on the amount of impurity and 
their oxides. Glass can be coloured green 
by introducing iron as an impurity, sap- 
phires are blue because of titanium and 
rubies are red because of chrome impuri- 
ties. Absorption can also take place when 
molecules vibrate within the fibre and 
interact with the rays. 

Scatter losses can be caused by 
bubbles in the glass, either in the raw 
material or during manufacture of fibres 
and these need to be boiled off. Scatter 
can also be caused if the refractive index 
of the fibre varies over small distances; 
this is called Raleigh Scatter and at 
0.85.m the loss can be up to 2dB/km. 


Fibre to Fibre Jointing 

Just as source and fibres can be butt 
jointed, fibres can be butt jointed to other 
fibres. A watchmaker’s jewel is mounted 
in a stainless steel ferrule, Fig. 1] and the 








Figure 13. Fibre in Glass Sleeve 
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Figure 14. Laser for Cutting 








fibre inserted in a hole in the jewel, held 


in place with adhesive and polished flat | 


with the surface of the ferrule. 
Watchmaker’s jewels are not too 
expensive and holes can be drilled more 
accurately than in metal. 

Lens terminations can also be used 
as for source to fibre connections. In 
addition the lens mountings can be made 
in a factory and ready to use in the field 
when the fibre is laid. These are 


prepared in two halves with the fibre at 


the focal point of the lens, Fig. 12. 

The two methods above are suitable 
when new routes are laid but what if a 
fibre is damaged and required to be 
reconnected? The ends need to be cut 
vertically and the cores aligned using a 
microscope. Then they can be fused 
using a hot wire heater or they can be 
inserted into a glass sleeve Fig. 13, about 
10mm long. One fibre is inserted and the 
sleeve collapsed, then the other fibre is 
cemented in. 


Laser And Optical 
Fibre Applications 


Perhaps the best known application 
of lasers is in the field of eye surgery. 
Previously a xenon-arc lamp was used, 
but because of the long exposure time, 
anaesthetic was required. In addition the 
spot size focuses down to about 800um, 
but lasers can provide a smaller spot, 
about 504m, which is useful in such 
confined areas. Also a pulse of 1 Joule 
from a Ruby laser for 300usec is sufficient 


and the eye does not require clamping | 


since the time is so short. 
Lasers can also be used for cutting, 


drilling and welding. For cutting, a | 


carbon dioxide laser is used since it 


produces higher power than a ruby laser 


and aluminium for aircraft can be cut 
some 70% cheaper than by conventional 
means. A gas jet can be fed with the 
beam, Fig. 14, to blow away the swarf or if 
the swarf is hot, oxygen can be used to 
burn it. 

Drilling holes less than 250um in 
diameter with mechanical drills is 
difficult and usually ends in a broken drill 
bit. With lasers however, holes down to 
104m can be drilled quite easily and the 
Swiss watch industry drills holes in ruby 
stones using flash-pumped neodymium- 
YAg lasers. 

In microelectronics, wires as thin as 
10um may need welding. In addition 
these may be dissimilar metals or in 
inaccessible areas like in a _ glass 
envelope or near heat sensitive areas and 
lasers are a useful friend. 

When a spacecraft re-enters the 
Earth’s atmosphere, the heat generated 
around it is a barrier to electrical 
communication but transparent to optical 
waves so contact can be maintained 
during those crucial minutes. Lasers have 
also been used to study movements of the 
Earth’s crust in order to predict 
earthquakes. The USA launched the 
Laser Geodynamics Satellite (LAGEOS) 
which was 60cm in diameter and 
weighed 4llkg. It was at an altitude of 
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5,800km and had 426 retroreflectors, 
which are corners of glass cubes, hence 
the incident and reflected rays will be of 
the same length if the Earth's crust has not 
moved. 

Retroreflectors can be used in 
tracking systems which are lighter and 
cheaper than radar. Light detection and 
ranging (LIDAR) has been used to study 
the atmosphere. The dangers of 
contaminating the atmosphere with 
aerosols and exposing us to radiation is 
well known. Therefore studies have been 
made of the atmosphere to detect 
aerosols which would produce kinks at X 
and Y of the curve of Fig. 15. 

The main advantages of lasers then, 
are: small focussed image, accurate 
Positioning, exact control of energy, 
operation in inaccessible areas or near 
heat sensitive areas without 


| Contamination. 


Optical fibres are every bit as useful 
as lasers. These are useful in areas of 
high electrical noise, say for monitoring 
factory processes where machines are 
starting and stopping all the time. As an 
extension of this use they can be used for 
measuring high currents where the usual 
wire leads could result in an accident. 
Here Faraday’s principle is used: the 
rotation of the plane of polarization of a 
light beam is proportional to the field 
strength and the length of the path 
through the field. 


Manufacture 


Manufacture of Light Sources. 

The old method was to diffuse donor 
and acceptor elements into a substrate as 
is done in the manufacture of transistors, 
but the modern technique is liquid phase 
epitaxy. 

A source crystal of GaAs is placed 
on top of aluminium and gallium in a 
crucible. A weight is placed on top and 
heat applied to the crucible. At 800°C, 
part of the source slice dissolves in the 
melt which reaches equilibrium. If the 
temperature is then dropped to 780°C, the 
equilibrium is disturbed and a GaAlAs 
layer is deposited on the source slice. 

In this way several different layers 
| can be grown including depositing a 
layer of GaAlAs on a substrate. 


Manufacture of Fibres 

The main techniques are vapour 
deposition and the double crucible 
method. 

The vapour deposition method uses 
a flame to deposit layer after layer of 
core, then cladding on a rotating man- 
drel. This is then collapsed into a fibre. A 
starting rod could be used instead and 
the vapour applied to the end to build up 
the rod. 

Fig. 8 shows the Corning method of 
vapour deposition where an oxygen 
flame is used to deposit a layer of pure 
silica inside a tube. This will form the 
cladding. To form the core, silica doped 
with aluminium, titanium, germanium or 
phosphorous oxide can be used. This is 
deposited as the next layer and the whole 
thing collapsed into a fibre. To form 
10 
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Figure 15. Aerosol in the Atmosphere 


graded index fibre, glasses with suitable 
dopants are chosen so that the dopants 
diffuse through the glass uniformly. 

The double crucible method is 
shown in Fig. 9. The glass containing 
dopant will form the core and is placed in 
the inner crucible. Pure glass will form 
the cladding and is therefore placed in 
the outer crucible. The filament is pulled 
gently and a fibre of the correct 
composition is formed. 

One of the problems of producing 
pure glass was that the glass was 
absorbing impurities from the platinum 
crucible. This can be overcome by RF 
induction heating, where a 5MHz field is 
created through the liquid glass which is 
at a temperature of 1300°K. The crucible 





is then not as hot as it would be and a 
silica crucible can be used. Any bubbles 
are then driven out by boiling and the 
pure glass can be used for making fibres. 


Jointing 
Source to Fibre Joints 

A fibre can be brought in close 
contact (butt jointed) with an emitting 
source and a 50um fibre will fit into the 
well of a Burrus diode. However, some 
energy does escape particularly in the 
case of edge emitters in contact with 
fibres. These losses can be reduced by 
using a lens to focus the energy into the 
core of the fibre. Fig. 10 shows the 
coupling efficiency of a lens compared to 
a butt joint. 

Fibres have been used in flowmeters 
where a fibre is dipped in the liquid and 
the fibre vibrates at a rate proportional to 
the flow of the liquid. A further 
application of the fibre in liquid is in 
hydrophones for listening in water. 

Optical fibres have been nearly as 
useful as lasers for getting into 
inaccessible areas. They have been used 
in industry for illuminating and examining 
areas that could not be visible otherwise. 
In medicine bronchoscopes have been 
used for looking into lungs when an 
over-enthusiastic diner has let a piece of 
food go the wrong way. 
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Optical Fibres In 


Communications 


Perhaps the greatest use for fibres 
and lasers will be for communications 
since the optical spectrum has such a 
wide bandwidth. For instance, operating 
at 1.5m, gives a frequency of 3 x 10"*. If 
this centre frequency is modulated to 
provide a bandwidth of only 10%, this 
could carry 10° telephone channels. 

Typical transmission rates for optical 
fibres as landlines will be 2, 8, 34, 
140Mbit/s, and 280Mbit/s for submarine 
cables. Later, for wideband networks, 
S6SMbit/s may be employed. 

A field trial took place between 
Hitchin and Stevenage in 1977-80. The 
cable was only 7mm in diameter and 
contained three fibres and four copper 


| wires around a steel centre member. 


Over this 9km route repeaters were 
spaced at 3km and the system operated 
at 140Mbit/s. 

Optical fibre definitely has the edge 
over copper wire. It is light, small and 
cheap. It is also non-corrosive - a big 
advantage, since cable chambers often 
get flooded. It has a smaller diameter, so 
more can be fitted in overcrowded ducts 
particularly in cities. It is also cheap. The 
cost of coaxial cable will rise by about 5% 
per year. In addition the cost of copper is 
also dependent on world prices whereas 
glass has no intrinsic value and the cost of 
fibre will actually fall as the technology 
improves. 
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Figure 16. Optical Loss at Different 
Wavelengths 


Optical fibre has minimum losses at 
certain wavelengths and a characteristic 
curve is shown in Fig. 16 from which it 
can be seen that the minimum loss occurs 
at 134m and 1.55um. At a transmission 
rate of 140Mbit/s and using 9.5mm coaxial 
cable, a repeater spacing of about 4.5km 
is possible. But optical fibre using 1.3m 
and monomode operation requires 


Transmitter 


Figure 17. Simple Communications Link 
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Table 1. Graded Index Fibre 


repeaters at only 39km intervals which 
amounts to a big saving in repeater costs. 

Table 1 compares operation of 
graded index fibre at three different 
wavelengths. The largest bandwidth and 
repeater spacing is of course available 
with monomode operation and will be of 
greatest use in submarine systems. The 
other fibres are not necessarily useless. 
Most inland routes do not require such 
large bandwidths and it is difficult to align 
the cores of monomode fibres. Since 
fibres are aligned by their outer 
diameters, the core/cladding ratio must 
be concentric within 1/250. 

Monomode fibres can now be made 
with losses as low as 0.16dB/km 
compared to 10dB/km when work started 
around 1972. However 0.16dB/km is of 
little use if a cable is going to be broken 
by accident since the average loss of 
connectors is about 0.5dB and it is 
estimated that on average a cable is 
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| 
Receiver 


likely to be broken twice per kilometre 
over a 30 year life. 


Television Links 

From the characteristic curves of 
Fig. 3 it can be seen that LED's have a 
linear output and can be used for 
transmitting an analogue _ signal. 
Television signals are analogue since the 
output is varying continuously and if this 
needs to be transmitted without 
converting to digital form, an LED must 
be used. A laser would of course give a 
signal 18dB higher. 


Submarine Cables 

Fig. 17 shows a simple 
communications link, a repeater being a 
receiver and transmitter back to back. 
Two large cable systems are imminent: 
The UK - Belgium No. 5 and TATS8 (TAT 
= TransAtlantic). 

The world’s first international optical 
fibre cable will cost £7.25 million and run 
from the UK to Belgium in 1985. It will be 
122km long and operate at 1.3m 
monomode, carrying 280Mbit/s systems 
and providing about 12,000 circuits. It will 
contain three repeaters at 30km intervals 
which is six times the usual spacing for 
coaxial cables. 

TAT8 will cost more than £250 
million of which Britain will have the 
second largest share. Although it will 
start service in 1988, its final configuration 
is not known but it will use between 
6600km and 9900km of fibre depending 
on whether it lands in three countries or 
seven countries. This is the first time that 
branching units have been used on the 
ocean bed. In the past submarine cables 
have been laid between two land masses 
only, before proceeding to other ones. 
The cable will consist of two pairs of 
fibres each operating digitally at 
280Mbit/s and giving a capacity of 8000 
telephone channels altogether. 


The Future 


The past ten years has seen theory 
turned to practice with the development 
of fibre of such low loss that further 
achievement will be of no practical value. 

Lasers had reached a critical limit at 
500Mbit/s beyond which the laser diode 
does not respond to electrical 
modulation. Now Siemens has come up 
with a technique to push this rate up to 
6Gbit/s! In the past the laser has been 
used both as a source of light and as a 
transducer. The new technique is to let it 
glow continuously instead of switching it 
on and off. The modulation can then be 
carried out by a crystal of lithium niobiate 
(LiNbO3). 

And so to the future. Man has always 
been frantic in exploiting new technology 
like a child receiving a new toy. 
Technology itself is neutral; we can use 
lasers for eye surgery or as beam 
weapons in space. We are free to decide 
to use technology as a slave; but 
sometimes man ends up a slave to 
technology. 
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FLASH METER 


$ 


Power reset check 


PID. os 


Inexpensive but sophisticated elec- 
tronic flashguns have been available for 
some years now, and they offer what on 
the face of it is an ideal system of lighting 
for many applications. In practice there 
are problems that can make flash lighting 
a little difficult to use. Probably the most 
formidable of these is obtaining the cor- 
rect exposure. Many cameras have a 
built-in exposure meter these days, but in 
most cases the meter does not function 
properly with flash lighting, and a special 
flashgun is needed for the few cameras 
which do support TTL automatic flash. 
Ordinary automatic flashguns can often 
solve exposure problems, but the sen- 
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When using electronic flash lighting 
the most reliable way of determining the 
correct exposure is to use a flash expo- 
sure meter, but even the more simply 
ready-made units of this type tend to be 
quite expensive. However, the circuitry 
involved is less complex than one might 
Calhal ar-ValoM-Wele) a(eMaoy ite ante Ccve MOET emanstsya 
can be built at a comparatively low cost. 
This flash meter design covers a range 
of six or seven stops and is suitable for 
use with any normal electronic flashguns, 
phate) Ube Lae Mu dat=mm-Vat-Ve) (=: ores: arg ofa (MT) 
very simple to use and does not require 
Veh immer) ev a(=rei Co) cme Coy acm Ga(-Mmor-Vae(s) o- Wm COMO aT=) 
meter. 


used with variable power 
- * No'lLiaection to camera required. 


exposure easy. 





Operating Principle 


Metering flash obviously poses a 
more difficult problem than metering 
available light. Instead of a continuous 
light level it is necessary to measure a 
short pulse of light. Furthermore, it is not 
just the intensity of the light that deter- 
mines the exposure, but the duration of 
the light pulse. In fact with variable 
power flashguns there is no significant 
difference in the intensity of the flash 
between full and minimum power; the 
power of the gun being varied by con- 
trolling the duration of the flash. 

Figure 1 shows the block diagram 
for the flash meter project, and this helps 
to show the way in which the problem of 
measuring both flash intensity and dura- 
tion are solved. The light detector circuit 
makes use of an inexpensive phototran- 
sistor. This has a suitably fast response 
time plus reasonably good sensitivity. A 
diffuser is used over the phototransistor 
to give the unit a wide response angle 
despite the rather narrow response of the 
phototransistor. A voltage regulator gives 
a well stabilised supply to the photocell 
circuit so that variations in the battery 
voltage do not significantly affect the 
sensitivity of the unit. The output of the 
photocell circuit is capacitively coupled 
to the next stage of the unit. A DC 
coupling would not be satisfactory as it 
would result in the ambient light level 
activating the circuit. The AC coupling 
blocks any small DC component on the 
output from the photocell circuit, but 
efficiently couples the pulse caused by 
the flashgun through to the next stage. 
Variations in the ambient light level will 
result in a signal being coupled through 
to the next stage, which is a rectifier 
circuit. This uses silicon diodes, and the 
forward threshold voltage of these is high 
enough to block the small signals pro- 
duced by changes in the ambient light 
level, but does not block the larger 
signals caused by the light pulses from 
the flashgun. This system relies on the 
light level from the flashgun being sub- 
Stantially higher than the ambient light 
level, but this should always be the case 
in practice as flash lighting would other- 
wise be unnecessary, and almost certain- 
ly unusable. There is actually an alterna- 
tive way of doing things, where the output 
of the photocell circuit is only coupled 
through to the rest of the circuit when the 
flash contacts of the camera are closed. 
This method seems to have fallen from 
favour in recent years, and although it is 
superior in certain respects, it is less 
convenient in use as it requires connec- 
tions from the camera to the flashgun. 

The next stage of the unit is a Miller 
Integrator. This is perhaps not one of the 
best known circuit blocks, but is never- 
theless a very useful type of circuit. 
Figure 2 shows the circuit for a Miller 
Integrator. Initially the input and output 
are both at earth potential. If a positive 
signal is applied at the input, this unba- 
lances the two input voltages of the 
operational amplifier and sends the out- 
put negative. What actually happens is 
that Ca charges via Ra, and the output of 
December 1984 Maplin Magazine 
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Figure 1. Flash Meter Block Diagram 








Figure 2. Miller Integrator Circuit 

the operational amplifier goes negative 
by an amount equal to the charge voltage 
on Ca in order to keep the input voltages 
balanced. An interesting and useful prop- 
erty of this type of circuit is that the 
inverting input is maintained at earth 
potential, so that with a constant input 
voltage the charge current through Ra 
and into Ca remains constant. Ca there- 
fore charges in linear fashion and not in 
the normal exponential manner so that 
the output voltage goes negative at a 
constant rate. This is ideal for our present 
purposes, since the output voltage is 
governed by both the amplitude and 
duration of the input pulse. A high input 
voltage gives a fast change in output 
voltage, and thus a large output voltage 
for a given pulse duration. A long pulse 
duration results in the output swinging 
negative for a relatively long time, and 
therefore produces a large output vol- 
tage. The unit accordingly gives accurate 
and consistent results regardless of 
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whether the flashgun in use has a short 
but powerful output, or a relatively weak 
but long flash output. 

The final stage of the unit is a 
non-linear amplifier which drives an 
ordinary moving coil panel meter. The 
output voltage from the Miller Integrator 
is non-linear, with the difference between 
F stops being large at the high end of the 
scale, and small at the low end. This is 
simply because the amount of light is 
halved each time the exposure is re- 
duced by an F stop. In other words, one 
stop down from full scale deflection 
would be half scale deflection, two stops 
down would be one quarter of full scale 
deflection, and so on. This type of scaling 
makes it impossible to cover a wide 
exposure range with good accuracy. The 
non-linear amplifier has a level of gain 
that reduces as the input voltage is 
increased, and this spreads the calibra- 
tion points out more evenly across the 
scale of the meter, giving better accuracy 
and making the unit much easier to use. 


The Circuit 


Figure 3 shows the full circuit dia- 
gram for the flash meter. IC1 is a small 5 
volt monolithic regulator which is used to 
provide the stabilised supply for the 
photocell circuit. The latter utilizes the 
collector to emitter resistance of photo- 
transistor TR1, and R} is the load resistor 
for TR]. Under quiescent conditions TR1 
has a very high collector to emitter 








100nF 


Figure 3. Circuit Diagram of Flash Meter 





resistance, but this falls to a low level 
when TRI] is subjected to the high light 
level from the flashgun. This gives a 
positive pulse across Rl, and provided 
TR1 is not driven into saturation the 
amplitude of the pulse is roughly prop- 
ortional to the light level. R2 and RV1 
reverse bias the base of TRI and enable 
the sensitivity of the photocell circuit to 
be set at a suitable level. 

C5 couples the output of the photo- 
cell circuit to a simple rectifier circuit 
using D1 and D2. The output of these is 
fed to the Miller Integrator based on 
IC2a. S1 can be used to discharge C6, and 
it therefore acts as the reset control. 
Obviously the charge on C6 will gradual- 
ly leak away, but provided C6 is a good 
quality component and the specified 
ultra-high input impedance (JFET type) 








Figure 4. PCB Artwork and Layout 
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operational amplifier is used in the IC2 
position, readings will be held accurately 
for a minute or more. This is obviously 
more than long enough to enable the 
meter to be read. 

IC2b is used in the non-linear ampli- 
fier which is basically an ordinary oper- 
ational amplifier inverting mode circuit. 
R4 and RS are a negative feedback 
network which set the voltage gain of the 
circuit at 3.9 (390k divided by 100k = 3.9) 
with small input voltages. If the output 
goes positive by more than about 1 volt 
the first two diodes in the chain (D3 to D8) 
are biased into conduction, and R6 is 
shunted across RS so that the gain of the 
circuit is reduced to only about half its 
previous level. Higher output voltages 
cause R7 and R8 to be switched into 
circuit as the other diodes in the chain are 
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brought into conduction, giving the cir- 
cuit a suitably non-linear transfer charac- 
teristic. 

Meter M1 can either be switched to 
register the output voltage of the flash 
meter circuit, or it can be connected 
across the positive supply via R10. This 
resistor converts the meter to a simple 0 
to 10 volt type so that the positive supply 
potential can be checked. A dual 9 volt 
supply is needed, and this is obtained 
from two small (PP3 or equivalent) batter- 
ies. Both batteries should be replaced 
when the positive supply voltage drops to 
about 7.5 volts. Note that the battery 
check facility only operates when the unit 
is switched on, but this is correct as it is 
the loaded supply voltage that should be 
checked. The current consumption of the 
circuit is approximately 7 milliamps from 
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the positive supply and 4 milliamps from 
the negative supply. 


| Construction 


All the small components are 
mounted on a printed circuit board, as 
detailed in Figure 4. Construction of the 
board does not present any real difficul- 
ties, but be careful to fit all the diodes on 
to the board with the correct polarity. 
Leave the leadout wires of TR] at full 
length. Veropins are fitted to the board at 
the points where connections will even- 
tually be made to the meter and switches. 
A plastic box having dimensions of 150 
by 80 by 50 millimetres is used as the 
housing for this project, and this case has 
printed circuit guide rails which the 
circuit board is designed to fit. The case 
is used vertically, with the removable lid 
becoming the rear panel of the case. The 
printed circuit board fits into the second 
highest set of guide rails with the compo- 
nent side of the board facing upwards. 

A hole about 10 millimetres in dia- 
meter is drilled in the top of the case to 
enable light to pass through to TR]. A 
diffuser of some kind must be fitted over 
this hole, and on the prototype the diffus- 
er was made by carefully cutting a table 
tennis ball in half using a scalpel. This 
was then simply glued in place using a 
good quality general purpose adhesive. 
Ideally the diffuser would be somewhat 
smaller than a table tennis ball (say about 
15 millimetres in diameter), and you 
might be able to improvise something 
better. Note though, that the diffuser must 
let a reasonable amount of light through 
to TR] if the unit is to cover a useful 
exposure range. In fact a table tennis ball 
is fairly dense, and will result in the unit 
being fairly insensitive. This is perfectly 
alright if your main interest is something 
like close-up photography where high 
aperture values are needed, but some- 
thing less dense would be better for 
general photographic work. Fine sand- 
paper can be used to slightly thin down 
the diffuser if necessary. Of course, the 
sensitivity of the circuit can be adjusted 
over a fairly wide range, but the adjust- 
ment range is inadequate to cope with a 
diffuser that is much too dense or too thin. 

The meter and three switches are 
mounted at any convenient places on the 
front panel. The meter needs a main 
cutout 38 millimetres in diameter. This 
can be cut using a fretsaw or a miniature 
round file, or an alternative is to drill a 
ring of small holes (about 3 millimetres in 
diameter) just inside the perimeter of the 
required cutout, spacing the holes as 
close together as possible. A sharp knife 
is then used to join the holes, after which 
a large half-round file is used to tidy up 
the cutout and enlarge it to the required 
size. The four 3.3 millimetre diameter 
mounting holes are then drilled, and the 
meter can be utilized as a sort of template 
to assist with the marking of the positions 
of these holes on the front panel. To 
complete the unit the small amount of 
point to point wiring is added. A piece of 
foam material can be used to keep the 
batteries in place inside the case. 
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Adjustment 


The basic method of calibrating the 
unit is to first set it up on a table in an 
average size room and not within about 
one metre of any walls. Start with the 
flashgun 0.5 metres away from the flash 
meter and take a reading. Remember that 
reset switch S] should always be used to 
zero the meter before a reading is taken. 
What we require here is a reading at 
something in the region of the full scale 
value, and if a suitable reading is not 
obtained try repeating this procedure 
with RV] at different settings until a 
suitable reading is obtained. If you are 
using a powerful flashgun it might be 
necessary to use it at half or quarter 
power. Then move the flashgun to dis- 
tances of 0.7 metres, ] metre, 1.41 metres, 
2 metres, 2.82 metres, and 4 metres from 
the flash meter, being careful to accurate- 
ly measure the distances and noting the 
readings at each distance. 

Depending on whether or not a 
reading is obtained at the top maximum 
distance, this gives six or seven readings 
at one stop intervals. Ideally the front of 
the meter should be removed and these 
points should be carefully marked onto 


the scale plate, but it is not essential to do 
this. One way of using the meter is to 
make up a chart of the type shown in 





This shows the aperture required for 
given film speeds and exposure values 
read from the meter, but the figures in the 
table are only intended as a guide. To 
find the correct values it is necessary to 
consult the exposure calculator of the 
flashgun used to calibrate the unit. It is 
advisable to take some test shots using 
the meter to determine the exposure, and 
then examine the results. Obviously the 
‘typical’ surroundings used when calib- 
rating the unit might not produce com- 
pletely accurate results, and the only way 
to test this and make any necessary 
adjustments to the calibration is to try a 
practical test. 
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Figure 5. A Sliding Exposure Calculator 








The unit will be more convenient in 
use if the exposure chart is replaced by 
some kind of exposure calculator. Figure 
5 shows the basic set-up for a sliding 
exposure calculator. The divisions on all 
three scales are at one stop intervals, and 
the same spacing should therefore be 
used on all three scales. The idea is to set 
the sliding pointer to the appropriate film 
speed, and then the corresponding aper- 
ture for each exposure value can be read 
from the upper scale. Again, the values 
shown are only intended as examples, 
and might need to be altered to suit the 
particular diffuser and setting for RV] 
that you have used. If exposure values are 
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not marked on the scale of the meter, in 
both the exposure chart and on the 
calculator the exposure values would 
have to be replaced with the relevant 
meter readings. This would be much 
slower and more difficult in use though. 

The meter should work well with 
variable power flashguns, apart from the 
types which cover a very wide power 
range. The problem with these is that the 


1 


flash duration at the very low output 
power settings is extremely brief (usually 
something in the region of 1/15000th 
second). The response speed of the 
phototransistor may be inadequate to 
cope with this accurately, and of more 
importance, there is the problem that the 
light output from the flashgun is purpose- 
ly made too high at very low power 
settings to compensate for the loss of film 


PARTS LIST FOR FLASH METER 


RESISTORS: All 0.4W 1% Metal Film 


R1,2 1k 

R3 10k 

R4 100k 

R5,6 390k 

R7 220k 

R8 68k 

R9 82k 

R10 200k 

RVI 47k Hor S-Min Preset 
CAPACITORS 

Cl 100uF 10V PC Electrolytic 
C2,3,4 100nF Minidisc 

cs 470nF Polycarbonate 
CE 100nF Polycarbonate 
SEMICONDUCTORS 

TRI Infra-Red Sensor 

IC] pATBLOSAWC 

1c2 LF353 

D1-8 IN4148 


sensitivity that occurs at very short expo- 
sure times. This is obviously a factor that 
the flash meter does not take into 
account, and it would consequently give 
an accurate but misleading reading. 
When using a variable power flashgun 
with the unit it is therefore advisable to 
only use power levels of about Yeth 
power or more so that very short flash 
durations are avoided. 


MISCELLANEOUS 
2 (MI1K) $l Push Switch 1 (FHSS9P) 
1 (M10K) $2 ‘Sub-Min Toggle J 1 (FF70M) 
1 (M100K) 83 Sub-Min Toggle E 1 (FHO4E) 
2 (M390K) Ml 2in. Pan Meter 504A 1 (RW91Y) 
1 (M220K) Printed Circuit Board 1 (GB78K) 
1 (M68K) PP3 Clip 2 (HF28F) 
1 (M82K) DIL Socket 8&-pin 1 (BL17T) 
1 (M200K) Veropin 2145 I pkt (FL24B) 
1 (WRS00Q) Hook-up Wire Il pkt (BLOOA) 
l (FF10L) OPTIONAL 
3 (YR78S) ABS Box 2005 1 (LH61) 
1° (WW49D) Diffuser - see text 
1 (WW410) 

A kit is available to build this project (not including Optional items). 
1 cvyeew) Order As LKS8N (Flash Meter Kit) Price £13.95 
3 el The Flash Meter PCB is available separately. 
8 (QL80B) Order As GB78K (Flash Meter PCB) Price £1.75 
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TWENTY KITS 


DESCRIPTION OF KIT 
75W Mosfet Amplifier 
VIC20 Talkback 

Car Burglar Alarm 
Partylite 

Modem 


ORDER 
CODE 
LWS51F 
LKOOA 
LW78K 
LW938 
LW99H 


KIT 
PRICE 
£15.95 
£22.95 
£7.49 
£10.95 
£49.95 


available: YK62S Price £10.95. 


8W Amplifier 

Ultrasonic intruder Detctor 
Light Pen 

Syntom Drum Synthesiser 
Logic Probe 

Harmony Generator 

2X81 V/O Port 

Cautious Ni-Cad Charger 
Burglar Alarm 

Spectrum RS232 VF 
Spectrum Easyload 
Computadrum 

Dragon 32 I/O Port 

50W Amplifier 

Xenon Tube Driver 


LW36P 
LW83E 
LKS1F 
LW86T 
LK13P 
LW91Y 
LW76H 
LKSOE 
LW57M 
LK21X 
LK39N 
LK52G 
LK18U £15.95 
LW35Q £15.95 
LK46A £11.75 


£4.45 
£10.95 
£10.95 
£12.95 
£10.95 
£17.95 
£10.49 
£19.95 
£49.95 
£19.95 

£9.95 

£9.95 


DETAILS IN 
PROJECT BOOK 
Best of E&MM 
6 XA06G 

4 XA04E 

Best of E&MM 
5 XAOSF 


Catalogue 

4 XA04E 

12 XA12N 
Best of E&MM 
8 XA08J 

Best of E&MM 
4 XA04E 

11 XA11M 

2 XA02C 

8 XA08J 

10 XATOL 

12 XA12N 

8 XA08J 
Catalogue 

11 XA11M 


Over 80 other kits also available. All kits supplied with instructions. 
The descriptions above are necessarily short. Please ensure you know 


exactly what the kit is and what it comprises before ordering, by checking the 


appropriate Project Book mentioned in the list above. 




















































































































SALES 


ASSISTANT 


Required 


Our Westcliff shop has a vacancy for a smart 
sales person. A knowledge of electronics is 
useful but component recognition is essent- 
ial. We offer excellent opportunities for 
advancement with good wages and working 
conditions. Please contact Mr Tony Search 


for interview on 


0702-554000 


or write giving full C.V. to Maplin Electronic 
Supplies Ltd, 284 London Road, Westcliff- 
on-Sea, Essex. 


NIA PLIN 
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Introduction 


How often have you wondered 
whether you should dig deep into those 
hard-earned savings and lash out on the 
price of a complete new speaker system 
or combo-amplifier? And to what pur- 
pose? Usually in order to improve on 
what you have already, to obtain a better 
sound quality - and lots more of it. 

To try to achieve this by spending 
several hundred pounds on completely 
new equipment is not only (and obvious- 
ly) a very expensive way of doing it, but 
is also fraught with pit-falls. To be certain 
that system ‘A' is better than system ‘B’, 
assuming that the latter is the one you 
already own, you need to be able to make 
an instantaneous detailed comparison of 
the two systems, under identical working 
conditions. 

At best this is an arduous undertak- 





combination systems and seperates 
under the same heading, the foregoing 
remarks assume that all amplifiers are 
being driven into their appropiately 
proper matched speaker load (or correct 
speaker impedance). Furthermore, the 
printed specifications of combination 
sound systems, whatever the type, never 
make reference to one of the two most 
significant, if not vital, factors which 
determine sound output and loudness - 
that of speaker efficiency. At all times, 
but particularly when attempting to 
assess the relative merits of systems with 
similar nominal power ratings, the con- 
version efficiency, or sensitivity, of the 
speakers in question is of prime import- 
ance, but is never incorporated into the 
written specifications. The fundamentals 
of this very problem were set out in an 
excellent leading article written by the 


SUUNE 
ADVICE 


ty of your sound is by upgrading your 
speaker drive units. The Americans call it 
‘re-speakering’. In the USA, the replace- 
ment speaker market has become THE 
major vehicle for speaker sales, well over 
50% of all speakers being sold for the 
express purpose of improving the per- 
formance of existing equipment. 


Speaker Efficiency 
Explained 


What is sometimes called the sensi- 
tivity, conversion efficiency, or just plain 
efficiency of a speaker, is determined by 
a whole host of factors concerning the 
materials used and the technical design 
of the driver unit. It is not the purpose of 
this article to provide an in-depth de- 
scription of speaker design technology, 
so it will suffice to say that, although there 





Improving Your Sound with Replacement Speakers 


ing, and for the average person usually 
impossible. To try to assess sound quality 
and comparative loudness from printed 
technical specifications frequently leads 
to disappointment, particularly if too 
much importance is placed on that most 
misleading of criteria, Nominal Power 
Rating. Amplifier power ratings are 
almost always given as a maximum at a 
point beyond which serious distortion 
occurs, and there is no indication of the 
‘flat-out’ power available (all control 
knobs fully clockwise). 

In other words one brand of 50W 
amplifier may truly deliver 50 watts max- 
imum output, whereas another model 
might capably produce 75 watts. This 
writer has knowledge of one model in 
particular which produces 97.5 watts! 
And yet all these come under a nominal 
50 watts output classification. 

Since we are here considering both 
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Technical Editor of ‘Music UK’, which was 
published in issue 13 of that magazine. To 
quote his very words — “...Haven't you 
ever found yourself confronted with two 
ostensibly identically rated combo's and 
noticed one sounding maybe twice as 
loud as the other? It happens to us all the 
time ... accordingly a rating in watts can 
become relatively meaningless when the 
actual sound pressure levels of a combo 
are measured ... one thing we've found is 
that substituting the original speakers 
with more up-market types can produce 
a tremendous difference both to the 
perceived volume of the combo amp's in 
question, and also the quality of the sound 
itself.” 

By far the most cost effective way of 
improving both the volume and the quali- 


are certain specialised models produced 
in the design of which efficiency plays 
second fiddle to other considerations, the 
vast majority of speakers are intended by 
their designers to produce as much 
sound, or loudness, as possible within the 
cost limitations for a particular example. 
Some manufacturers are much more suc- 
cessful at achieving this high efficiency 
level than others; if this were not the case 
this article would scarcely be necessary! 

The unit measure used to quantify 
the loudness of sound is called the 
Decibel (usually abbreviated to dB). 
Standing alone the decibel is meaning- 
less for most practical purposes, howev- 
er, of great significance is the rela- 
tionship, or difference, between one de- 
cibel measurement and another, since 
the decibel applied to loudspeaker tech- 
nology is a relative measurement used for 
comparing the sound output (or Sound 
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Figure 1. Frequency response curve of a typical 12” disco speaker with suppressed mid- 











frequency response S0Hz - 5kHz. Average sound pressure level 98dB 


Pressure Level - SPL) of one loudspeaker 
against another, and the crucial point 
here is that a difference of 3dB corres- 
ponds to a factor of 2 - times 2 (double) if 
greater than, or divided by 2 (half) if less, 
when comparing the sound output of a 
loudspeaker against a reference. For 
example, if speaker ‘A’ produces a sound 
pressure level of say 95dB, and speaker 
‘B’ produces 98dB, then speaker ‘B’ is 
making twice as much sound as speaker 
‘A'l Similarly, speaker 'C’ at 101dB is only 
half as loud as speaker ‘D’ which is 
producing 104dB (Fig. 1-3) 

Clearly, to enable an accurate com- 
parison to be made between loudspeak- 
ers, it is essential that they are all 
measured and specified under identical 


-—-————_ 


Bruel & Kjaer 
Measuring Object 


100dB 


90dB 


output of speaker in Fig. 1 
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Figure 2. Frequency response curve of higher output 12” disco 


test conditions, and this is almost always 
the case, certainly in the western world. 
Standard procedures require the measur- 
ing microphone to be positioned along 
the centre axis of the loudspeaker’s cone, 
at a distance of exactly one metre, while 
the sound pressure level is measured as 
the loudspeaker is fed with a constant 
input of 1 watt, ‘swept’ over the full audio 
frequency band. 

This produces a response curve, 
tracing a graph on a continuous paper 
chart recorder, showing the relative 
sound output levels at all frequencies. 
These are then averaged to produce the 
mean output level or SPL. The graph 
paper is marked in decibel steps above a 
zero starting point, making the assess- 
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range and emphasised bass and treble. Effective 


ment of a loudspeakers performance 
both simple and accurate. 

A word of warning at this point — 
there are a few speaker manufacturers, 
mainly located in the Far East, who take 
their measurements with the microphone 
closer to the speaker under test than 1 
metre, often at only ¥2 metre distance. 
This will produce a falsely high SPL 
figure, if read as a direct comparison to 
the western standard. Always check with 
the manufacturer's specification sheets 
that SPL figures are given as 1 watt — 1 
metre, and beware if this is not so, or not 
Stated. 

So far, then, we have seen that a 
dramatic increase in SPL is possible by 
‘re-speakering’, or replacing the drive 
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Figure 3. Frequency response curve of extra high output 12” guitar speaker (Fane Studio 12G), showing average sound pressure level of 104 dB, 
thus twice the sound output of speaker in Fig. 2 and four times the output of speaker in Fig. 1. Note that in the range 500Hz - 3.5kHz, the lead 


guitar’s most effective area, this speaker is putting out an incredible 107 dB, eight times the output of speaker in Fig. 1! 


units with higher efficiency ones. But 
there is another factor to be taken into 
account, before we discuss the choosing 
of a suitable replacement speaker — that 
of how efficient are the existing (original) 
speakers, and to what extent is it possible 
for you to determine how many dB’s 
difference you should be looking for, to 
obtain a suitable improvement. 

If you are in the habit of putting your 
sound equipment together yourself, you 
will obviously know which make and 
model of speaker you have originally 
used, and it is a simple matter to refer to 
the relevant manufacturer's literature 
(assuming you remembered to keep it). 
Alternatively you can make a direct 
enquiry with the manufacturer to deter- 
mine the conversion efficiency of the 
model in question. Suppose it were, say, 
95dB, you then know that you should seek 
a unit giving at least 98dB to obtain a 
significant increase in sound output. 

Much more commonly, though, it will 
be a standard, commercially fitted pro- 
duct which is the subject of ‘re-speaker- 
ing’, and so determining the efficiency of 
this originally fitted item is not always so 
straightforward. 

Speakers fitted by equipment manu- 
facturers can be broadly divided into two 
catagories — standard, off-the-shelf mod- 
els, or specially-customised (or OEM) 
models. A standard model will have been 
selected for ease of availability, cheap- 
ness, or because, quite by chance, it 
happens to be the most suitable for the 
application. Unless it is one of the few 
very expensive and exotic types, it will 
almost certainly be a suitable candidate 
for up-grading. 

On the other hand, an OEM model 
will have been carefully ‘tailored’ and 
customised by the manufacturer to match 
the characteristics of the amplifier it 
relates to or to provide a specific quality 
December 1984 Maplin Magazine 


and level of sound output. Many of these 
are already high output types and special 
care is needed when trying to upgrade 
one of these. Even so, nearly all equip- 
ment manufacturers have to balance cost 
and competitiveness against the ultimate 
in performance, and so it should be 
possible in many cases to achieve some 
degree of improvement by careful ‘re- 
speakering’. 

OEM speakers usually carry a speci- 
fication number, but never a model type 
identifier. Often they are labelled with the 
equipment name rather than the actual 
speaker manufacturer, implying that they 
are rather special and exclusive to that 
product. Enquiries to determine SPL must 
of necessity be directed through the 
equipment manufacturer. If all else fails it 
is a useful ‘yardstick’ to assume that a 
replacement speaker with an efficiency 
of 100dB is likely to provide some sort of 
improvement, and that the higher one can 
achieve over 100dB, then the more 


dramatic will be the final difference in 
sound output. 





Choosing a 
Replacement Speaker 


So far, we have considered the 
increase in sound output and quality 
which can be obtained at relatively 
modest cost, by following the popular 
American custom of re-speakering. But 
there are a number of other factors which 
must be considered when choosing a 
replacement speaker. Will it fit where the 
old one fitted? Is it well made and 
durable? Is the speaker impedance a 
correct match to your amplifier? Is it 
designed to do the job for which you are 
intending to use it, and does it have a 
sufficient power rating? Is it covered by a 
suitable guarantee? Let us consider these 
remaining important factors one by one. 
Fitting 

There are two commonly-used 
methods of fitting speakers: front-mount- 
ing or rear-mounting. Front-mounted 
speakers are often accompanied by a 
protective steel grille, which is either 
separate from the speaker or permanent- 
ly attached to it, as is the case with some 
models from Fane and McKenzie. In 
either case, the speaker is normally 
secured either by means of special front- 
mounting clamps, or with bolts directly 
through the speaker fixing holes and into 
T-nuts secured to the inner surface of the 
cabinet. If the former is the case, the only 
fitting consideration is the diameter of the 
speaker cut-out in the cabinet. This 
should be measured and checked with 
speaker manufacturers literature in re- 
spect of baffle hole requirements since 
there can be a variation in this require- 
ment between different models. 

With the latter fixing method, and 
also in the case of rear-mounting speak- 
ers, the location of the fixing holes in the 
speaker chassis is of crucial importance. 
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Figure 4. Diagrammatic layout for frequency response and sound pressure level measurement 


The majority of speaker manufacturers 
incorporate the same common fixing 
dimensions, so that one will readily re- 
place another, but certain models, includ- 
ing in particular, some of the more 
expensive American speakers, have their 
fixing holes situated on a different dia- 
meter (PCD). As far as we are aware, 
only one maker -— Fane, with their 12” and 
15” diecast chassis - caters for. both sets 
of dimensions by including alternative 
sets of fixing holes in the same chassis. 
(The new range from Maplin also makes 
this provision). 

Under-size baffle holes are not too 
much of a problem, since they can be 
enlarged with a wood rasp, but if the 
fixing holes or bolts are incorrectly sited 
for your new speaker, they will have to 
be re-located using a hacksaw and a new 
} set of fixing bolts. 


Will tt be Durable? 


One way to get a general idea of 
durability is to look around and see which 
makes of speaker are fitted by leading 
equipment producers like Vox, Haney, 
Custom Sound etc. Such manufacturers 
do not repeatedly use speakers which 
have not proved totally reliable, since to 
do so could damage their reputations. But 
because, as mentioned earlier, some of 
those producers ‘own-label’ their speak- 
ers, it is not always easy to find out who is 
manufacturing them, and close examina- 
tion of prospective replacement speak- 
ers is always advisable. First, consider 
the chassis. Diecast types are normally 
considered to be the best, and are 
employed for most up-market models, 
but there is nothing whatsoever wrong 
with pressed steel chassis providing that 
they are suitably designed and finished. 
In particular, study the finish, which 
should include a coating of protective 
stove-enamel paint over the plated 
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surface. Who has not seen those piles of 
defective rusting, unpainted speakers 
behind the local repair shop? Plated steel 
looks fine and bright when it is new, but 
the atmosphere can play havoc with it 
after even quite a short time. How long do 
those unpainted steel areas of a car body 
last, for example? Not a perfect parallel, 
perhaps, but a speaker has to be able to 
withstand a very wide variation in 
temperature and humidity, and a layer of 
tough stove-enamel certainly goes a long 
way in extending it's lifespan. 

Another external point to note is 
magnet protection. Ceramic magnet 
material is really quite fragile and can 
chip or crack if subjected to knocks. For 
this reason, some speaker manufacturers 
fit a protective cap over the magnet, or 
some form of ring or moulding around the 
vulnerable magnet edges. This is evi- 
dence of care and attention to detail 
during the design stage which will prob- 
ably reflect upon the internal design 
structure as well, but the absence of such 
magnet protection will not affect speaker 
performance providing that damage to 
the magnet itself is avoided. 
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Internally, a good high-temperature 
voice-coil is an essential, to cope with 
modem amplifiers and extended high 
power usage. High temperature coils are 
commonly based upon a tube or former 
of aluminium, which is a durable material 
but has certain restrictions in respect of 
performance. Certain types of plastic 
former have also been used with varying 
results. Undoubtedly, one of the best 
materials for high power coils is glass- 
fibre, which has all the advantages but 
only one drawback - cost. A glass-fibre 
coil requires special high-precision tech- 
niques for its manufacture and is there- 
fore both time-consuming and relatively 
expensive to produce. Thus, few speaker 
makers use it, although in practical terms 
they know of no better material. At the 
other extreme, it is best to disregard any 
speaker fitted with a paper-laced coil. 


These can suffer from all sorts of prob- 
lems and usually have a very short 
working life. 

Under this heading of durability, it is 
also pertinent to deal with the subject of 
guarantees. If a speaker fails during its 
guarantee period for some reason other 
than misuse, the chances are that it will 
be due to some fault in materials or 
construction, and that the speaker manu- 
facturer will ultimately have to foot the bill 
for replacement or repair. If a product 
has a track record of unreliability or of a 
short working life, the manufacturer will 
naturally escape as much liability as 
possible by offering the shortest warranty 
he can get away with. Conversely, if a 
product has proved to be durable and 
reliable, its manufacturer can afford to 
offer a longer guarantee. The most com- 
mon guarantee period is 2 years, 
although one manufacturer at least offers 
5 years, and one English manufacturer 
provides an incredible lifetime guaran- 
tee, which by definition is unbeatable! 
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Doubling your sound output is no use 
if that super output is only going to last 5 
minutes! It has to stand up under ail 
playing conditions, and to last - hopefully 
— a lifetime. 


Impedance Matching 


The new speaker must be a correct 
impedance match to whatever amplifier it 
will be used with; it must have the correct 
number of OHMS! 8 ohms and 16 ohms 
are the most common, but be sure to get 
it right. If you fit a 16 ohm speaker where 
the amplifier needs 8 ohms, the sound 
output will be reduced. Conversely, using 
an 8 ohm speaker where a 16 ohm one is 
required can cause amplifier damage. All 
speakers should be marked with imped- 
ance, but if your old one should carry no 
marking, any electrical specialist should 
be able to measure it for you, using a 
special meter. 


Is it Designed 
for the Job? 


Some speakers are designated 
‘General Purpose’, which means that they 
are designed to withstand any kind of 
normal usage and to give decent results 
under all conditions, whereas others are 
designed to do a specific job to the 
exclusion of all others, and to do it really 
well. (See figs 2 and 3 for example). 
There are outstanding models in both 
categories, depending upon whether you 
need the speaker for, say, a lead guitar 
combo or for general music reproduction 
together with periodic vocals or guitar 
playing. There is a huge variety of choice 
in both categories, but when deciding to 
look for top performing replacement 
speakers, the field can be considerably 
reduced before you start by deciding 
whether you need a specialist or a 
general purpose model. 


Conclusion 


Having read this far, you will now be 
in possession of the basic criteria re- 
quired for increasing the output level and 
quality of your sound at minimum cost, by 
respeakering; and you will know how to 
go about selecting a suitable replacement 
speaker without risk of disappointing 
results and wasted money. Space pre- 
cludes mention of every available brand 
of speaker, but here are a few pointers to 
set you in the right direction. If you have 
money to burn and price is no object, you 
can consider the highly reputable offer- 
ings from JBL, Gauss or Electronica, all 
from the USA. Most of these feature cast 
chassis, magnet protection and a high 
general level of finish. Many use alumi- 
nium based coil formers. Sound output 
levels are usually on the right side of 
99dB, but no higher than many British- 
made speakers. Be extra careful about 
fitting dimensions, and remember that a 
surprisingly high proportion of the cost of 
these speakers is represented by import 
duty and shipping costs from the USA, 
plus the importers profits. Spare parts 
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costs are usually horrendous. Good 
speakers certainly, but at two or three 
times the price of a British equivalent, 
which largely defeats the object of re- 
speakering as opposed to buying a whole 
new equipment. Coming nearer home 
and considerably down in price the 
Celestion Company, which is well-repu- 
ted in the Hi Fi field, produces general 
purpose speakers, some early models of 
which (the ones with metal magnets and 
covers) were used to good effect by rock 
guitarists of the early 60's. The modem 
range includes some useful guitar speak- 
ers, but Celestion no longer provide any 
magnet protection and their steel chassis 
are not stove-enamelled. Fane Acoustics 
have a massive range, including both 
diecast and steel framed models, and 
feature both magnet protection and 
stove-enamelling. Sound pressure levels 
are mostly upwards of 100dB, including 
one 12” model producing an incredible 
105dB! They have both general purpose 
models, and specialised up-market mod- 
els produced by their professional divi- 
sion. Goodmans speakers are rather har- 
der to find than they used to be, perhaps 
because that company has been concen- 
trating heavily in the areas of Hi Fi and 
radio and TV speakers in recent times. Of 
the younger companies, ATC produce 
heavy-duty models, mainly featuring cast 


chassis',whose performance characteris- 
tics, lean heavily towards the PA and 
studio field. In particular, their special 
bass speakers, though not unduly loud, 
are well worth exploring for stage sys- 
tems. HH Acoustics has recently been 
through troubled times and a change of 
ownership. Their professional models 
were good value for money, but be 
assured of the future of spare parts and 
servicing if you come across them. 
McKenzie speakers have featured unduly 
in the disco field and some are of useful 
sensitivity; but this company has been 
known to use paper-based voice-coils; 
and many McKenzie models have no 
edge protection for the magnet ring. 

An exciting newcomer to the speak- 
er field is the Maplin company, which has 
announced an exclusive and completely 
new range of high performance power 
speakers, made to their own specification 
by one of Europe's leading professional 
design specialists. All design parameters 
and specifications look to be exactly right 
for a most exciting new option in speaker 
up-grading. Bearing in mind the obvious 
high quality, prices too, seem most attrac- 
tive, and anyone looking for high output 
sound at sensible cost should certainly 
investigate these exclusive new 
speakers. 
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by Dave Goodman 


* 28 Musical Effects of Tunes and Chimes 
* Variable Envelope for Piano to Organ 


Type Sounds 


* Three Control Switch Inputs 
* Can be Powered from 4 x 1.5V ‘D’ 
Cells or 6/12V DC PSU 


¢ 


dd adlid dca cae 
Musical Announcer 






* Automatic Switch Off at end of Tune for Power Saving 
* No Special Setting Up or Musical Knowledge Required 


The Maplin Musical Announcer is a 
ROM based music synthesiser with twen- 
ty-eight pre-programmed tunes, selected 
by two rotary switches. A short passage 
of the selected tune is played through an 
integral amplifier and loudspeaker 
whenever any one of the three control 
inputs is activated, making an ideal door- 
bell with a difference. 


Figure 1. Circuit diagram 
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$1-3 are 


Circuit Description 


In Figure 1, IC] is an N channel MOS 
microcomputer-based synthesiser chip 
requiring supply and clock inputs for 
operation. Like most specialised micro 
integrated circuits al! of the functional 
hardware is integral, leaving timing and 
addressing to user requirements. The 
ROM supply current being 50mA is far 





RN 
4k7 





too high to ensure long battery life so 
the circuitry around TR1 switches off the 
supply at the end of a tune cycle. If door 
push | (connecting pins 3 and 4) is 
operated, TR] is forward biased from the 
+V emitter supply, R2 to ground. R4 and 
zener diode D1 keep the supply within 
normal operating levels on IC] pins 2 and 
3 at +5V. The open drain output at IC1 
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$1 4x1-5V Battries 
or 
6-12V DC PSU. 





Figure 2. PCB track layout and overlay 
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pin 12 goes low approximately 6mS after 
activation, allowing for contact bounce, 
and TR] is held on via R3. This allows the 
tune to continue if the push switch is 
released part way through the cycle. TR] 
is finally released (off) at the end of the 
tune and the system is powered down. 
Push switch 2 (pins 7 and 8) and push 
switch 3 (pins 9 and 10) also power up the 
system as before but with a limited tunes 
facility. On both these switches, inputs 
produce repeated cycles if held closed, 
whereas input ] generates a single cycle 
only. 

RV1 and C3 determine the oscillator 
frequency from which the pitch of the 
output tune is generated, and RV] spans 
approximately one octave. The speed or 
tempo of played tunes is determined by 
TR2, C4 and RV2. This pulse expander is 
a C.R. timer and transistor switch with 
RV2 controlling the tune speed. Output 
signals from IC] pin 14 are first low pass 
filtered by R11, C5 and R12 before being 
buffered by emitter follower TR4. A 64 
ohm speaker acts as the collector load for 
TR6 with the + V supply switched by TRS. 
For each note output from pin 14, an 
envelope trigger pulse is output from pin 
13. A diode pump R13, C6 and D4 
switches TR3 and TRS either for the 
complete note cycle with a long decay 
time or, by adjusting RV3, for a short 
decay time. The audible effect is variable 
from organ-type sounds to staccato banjo 
or piano-type sounds being developed 
from the speaker. Both S] and S2 are used 
in conjunction to select the desired tune 
or chime effects shown in Table 1. 


Construction 


Looking at Figure 2, you can see that 
three 24 SWG tinned copper wire links 
approximately 9mm long are required 
and should be fitted in position above D2 
and D3 and next to TRI. Insert the three 
diodes D2, D3 and D4 and zener diode 
Dl, followed by resistors R1 to R14. All 
diodes must be mounted correctly with 
the cathode or ‘BAR’ painted end 
according to the legend. These compo- 
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lect Position 
$5 Push Switch 1 
Toreador 
William Tell 
Hallelujah Chorus 


Yankee Doodle 
Westminster Chime 
John Brown's Body 
Clementine 


Colonel Bogey 
Marseillaise 
Westminster Chime 
America America 
Deutschland Lied 
Wedding March 
Beethoven's 5th 
Augustine 
Westminster Chime 
O Sole Mio 

Santa Lucia 

The End 

Blue Danube 
Brahms’ Lullaby 
Westminster Chime 
Hell’s Bells 

Jingle Bells 

La Vie En Rose 
Star Wars 
Beethoven's 9th 


Se 
$4 
A 
B 
Cc 
D 
E 
F 
A 
B 
Cc 
D 
E 
F 
A 
B 
Cc 
D 
E 
F 
A 
B 
Cc 
D 
E 
F 
A 
B 
Cc 
D 
E 
F Westminster Chime 


PP hhh hPWWWWWWNDNNDNN DEE EE EE OOODOOO 


Table 1. 


nents, as for resistors, require pre-bend- 
ing of their leads before being inserted 
flat down onto the PCB. Now fit R15, the 
larger standard resistor. Next insert a 28 
pin IC socket orientated so that the edge 
slot is the same as the legend, and solder 
all terminal legs in position. Capacitors 
can now be fitted and soldered in posi- 
tion. Take care not to wrench the leads 
on C4 and C5 as they could fall off if 
excess force is used. C6 and C7 are 
polarised electrolytics and the longest 
lead indicates +V and again must be 
inserted as per the legend. Fit RV], 2 and 
3 and all six transistors. TR5 and 6 will 
only insert in one position, but TR1 to 4, 
the ‘D' shaped components, should be 
positioned according to the legend. Sol- 
der all components carefully, remove 
excess wires and insert Veropins 1 to 10 
from the track side. Push them through 
the PCB with a soldering iron until their 





Cut off terminals 
close to top then 
straighten 


Figure 3. Switch assembly 
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Star Spangled Banner 


God Save The Queen 





Tunes Available from each Push Switch 
Push Switch 2 Push Switch 3 


Toreador 

William Tell 
Hallelujah Chorus 
Star Spangled Banner 
Yankee Doodle 
Simple Chime 
Toreador 

William Tell 
Hallelujah Chorus 
Star Spangled Banner 
Yankee Doodle 
Simple Chime 
Toreador 

William Tell 
Hallelujah Chorus 
Star Spangled Banner 
Yankee Doodle 
Simple Chime 
Toreador 

William Tell 
Hallelujah Chorus 
Star Spangled Banner 
Yankee Doodle 
Simple Chime 
Toreador 

William Tell 
Hallelujah Chorus 
Star Spangled Banner 
Yankee Doodle 
Simple Chime 


ME-TOA M<Byno0 AZ-uwmzmaumgs 


heads are flush with the track pads and 
solder them into position. 

The 6-way rotary switches $4 and $5 
need to be modified before fitting into the 
PCB. These switches will not fit through 
the board until each terminal end is cut 
off, leaving as much of the tang as 
possible (see Figure 3). After cutting, 
Straighten up all fourteen tangs on each 
switch and push home into the PCB 
ensuring that the two centre terminals (A 
and B) line up correctly with their hole 
positions. Solder both switches carefully. 
$5 is only required to operate over five 
Positions and this may be achieved by 
removing the circular stop ring from 
Position 6 and refitting it in position five. 
54 remains in six way operation. Finally, 
re-check all components and solder 
joints. Clean the track with a brush and 
thinners to remove flux, etc. and inspect 
for short circuits. 


| 
Lever out 
from position6 


and replace in5 
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Dimensions inmm. View inside lid. 


Figure 4. Case details 
@ 

Testing 
Tum S4 and $5 fully anti-clockwise 
(group A and group 0) and set RV1, 2 and 
3 wipers to half travel. Connect a 64 ohm 
speaker to pins 5 and 6 and either four 
1.5V (C or D cells) batteries or a 6/12V DC 
power supply with the +V connected to 
pin 1 and the —V (OV) connected to pin 2. 
When using batteries, connect al] your 
battery holders in series (see Figure 2) 
with the positive of one box wired to the 
negative of the next etc. This will leave 
one +V and one —V connection ready 
for terminating on the PCB. With IC] still 
not fitted, switch on the power and short 
pins 3 and 4 together. Connect a volt- 
meter to OV and pin 2 of the IC socket. A 
reading of 5 to 5.3V indicates correct 
conditions. Remove the short from pins 3 
and 4, whereupon the voltage reading 
drops to OV. Some high impedance 
meters may show a slow drop in level 
from 5 to OV and digital meters will 
display random numbers below 20mV 
readings. Disconnect the supply, insert 
IC] and re-connect the power again. 
Repeat the above tests for a reading of 
approximately 3.75 to 5.3 volts depending 
on the supply voltage. This time the first 
tune in Table 1 (Toreador) will play once 
only. Connect pins 9 and 10 only and the 
same tune will play again (push switch 3) 
and then repeat continually with short 
intervals until the connection is broken. 
Now connect pins 7 and 8 only and a 
Descending Octave Chime will be heard. 
This also repeats after a short delay until 
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the connection is broken. 

With SS still in the first position 
(group 0) tum S4 one step clockwise to 
position B. Repeat the three push switch 
tests as before referring to Table 1 for 
correct tunes and chimes. Push switch 2 
only plays a descending chime and push 
switch 3 repeats the same six tunes for 
each position of S5. Only one tune at a 
time can be pre-set and played and no 
auto-incrementing or sequencing of tunes 
is available, but with twenty-eight com- 
binations of tunes and chimes available, 
one should be able to prevent boredom 
from setting in. 

Select any tune and connect pins 9 
and 10 (push switch 3) together. Turn RV1 
anti-clockwise to lower and clockwise to 
raise the pitch of the played tune. Note 
that the wiper is sensitive to touch and 
may cause modulation of the tune if not 
using an insulated trimming tool! Tum 
RV2 anti-clockwise to decrease and 
clockwise to increase the tempo of the 
playing tune. Final settings of these pre- 
sets is left to the choice and the prefer- 
ence of the user. 

Now tum RV3 anti-clockwise to in- 
crease the note length and clockwise to 
decrease it. The full clockwise position 
will probably cut off tunes altogether as 
the pulse amplitude falls below the 1.2V 
conduction point of TR3. A final current 
check can be made with the power on 
and the module not activated, by con- 
necting an ammeter in series with the +V 
supply and pin 1. No current reading 
should be indicated unti] one of the push 
switch inputs is connected, whereupon a 


reading of 45 to 60mA should be indi- 
cated. 


Case Details 


The Parts List recommends a suit- 
able box for containing the module, 
speaker and four battery boxes. Two 
holes are drilled in the lid, for $4 and S5 to 
be fitted, which thus holds the PCB in 
position. Smaller holes are drilled in the 
lid to allow sound output from the speak- 
er (see Figure 4). The speaker can be 
fitted to the box lid using Evo-stick which 
is lightly applied around the cardboard 
rim. Peel off and stick the Front Panel 
over the switch mounting holes and after 





cutting each spindle length to size, fit 
both knobs. Insert the batteries and 
assemble the box. 


Announcer Use 


The main function for this project 
would be as a doorbell with a front door 
push switch wired to pins 3 and 4 on the 
PCB. A secondary door, e.g. a back door, 
could be wired from a push switch to pins 
9 and 10 and appropriate tune combina- 
tions selected for caller recognition. 
Switches used must be of a momentary 
push-to-make action to enable the power 
down facility, otherwise battery life will 
be very low. 


RESISTORS: All 0.4W 1% Metal Film unless specified TRI BC327 1 (QBE6W) 
R1,8,10 10k 3 (410K) TR2,3,4 BCS48 3 (QB73Q) 
R2,3,13 Ki < 3 (M3K3) TRESS . BFY62 3 (QF29G) 
R4 680 1 (MBER) Cl AY-3-1960 1 cryesw) 
R56 * 33k 2 (M33K) 
ce ORT 100k d 1 (M100K) ~ MISCELLANEOUS 
rg . 220k 1 (290K) $45 Rotary SW6B 2-pole 6-way 3 (FF74R) 
Rll 4k7 1 (M4k1]) $1 Hi-Z L/S 64R 1 (WF87M) 
R12 47% 1 (M47K) Printed Circuit Board 1 (GB75S) 
R14 popes! 3 l (Xx) Veropin 2148 1 pkt (FL24B) 
R18 102 %4W §% Carbon Film 1 (S10R) DIL Socket 28-pin 1 (BL21X) 
RV] »  &8& Hor S-Min Preset 1 (WRSSP) Knob K7B 3 (¥x02C) 
RV2 1M Hor S-Min Preset 1 (WR64U) 
RV3 220k Hor S-Min Preset 1 (WRE62S) OPTIONAL 
Case Verobox 308 1 (LHS1F) 

CAPACITORS Cable Zip Wire As req (XR39N) 
C12 100nF Minidisc 2 (YR785) PTY singe cx 4 (BEAEY) 

x Front Panel 1 (FM49D) 
eS fe gil oacl shes d $1,23 Bell Push 3 (FQ09K) 
CA 470nF Polycarbonate 1 (WW4ep) ; 
= 100nF Polycarbonate 1 CWW410) A kit of parts (except Optional items) is available. 
= Ippt ei Eeerya. : CFFOSE) Order As LKS7M (Ann Kit) Price £13.50 
cr? 100uF 28V PC Electrolytic 1} (FF11M) er ( ouncer Kit) ice : 

, The following parts used in this project are available separately, 
SEMICONDUCTO! - but are not included in our current catalogue. 
7D) = ari l (QHO7H) FM49D Front Panel Price £1.55 

D234 1N4148 3. (QL90B) GB75S Announcer PCB Price £1.99 
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Introduction 


In Part One, I gave details of how to 
build the sensing devices such as the 
Compass, the Anemometer, etc. In this 

| second part, I will discuss the program 
and how to use it, and I will also show the 
additional circuitry required to process 
the data coming from the sensors. But 
| first you need to obtain a Maplin ZX81 VO 
| Port Kit, which plugs into the ZX81 
computer. Maplin’s order code for this kit 
is LW76H and you will also require a 2 x 
23-way edge connector (RK35Q) to be 
able to plug directly into the ZX81. The 
Kit is supplied with full construction 
| details, but needs to be modified slightly 
| for use in my project. 













+V 


Tricks with your 
1/0 Port. 


The Maplin VO port has been designed 
so that Port B can only be used as an 
output port. This is very useful in most 
circumstances as no further electronics 
are then needed to drive LED's etc. 
However, the main chip on the I/O port, 
the 8255A, is capable of many more 
operations than are mentioned in the 
Maplin V/O port literature. 

First of all, we have to adapt the /O 
board to accept input. This is a relatively 
simple and reversible job but requires 
care. You will need a soldering iron anda 
small pair of cutters or strong nail 
scissors. Figure 1 shows the whole I/O 
board layout but the section you need to 
concentrate on is the area around IC5 and 
IC6. You will see from Figure 2 that port B 
is buffered by two 7407 chips and two 
sets of 4.7k? resistors. It is necessary to 
remove the effect of these. Fortunately 
the input and output pins on the 7407 
chips are next to each other and it is 
therefore easy to make connections 
between pins 1 and 2, 3 and 4, 5 and 6, 
and 8 and 9 to remove the buffers. It is 
also necessary to stop the positive supply 
to the chip by carefully cutting pin 
number 14. Similarly, it is necessary to cut 
the leads to the resistors. Port B can now 
be used as an input port but is no longer 
buffered so the same precautions will 
have to be taken as with ports A and C. 
(See V/O Port literature). 

In the YO Port documents supplied 
with the kit, Table 1 shows a list of 
Control Words. A further two are now 
required to configure Port B for input. 


3 2 $1 0 oe ic4 
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) For Addresses 16360-30] 
For Addresses 16380-3(C) 
Fit all pins marked (> 


Figure 1. /O Port PCB layout 
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a —_ a = ta ae ~ | | 80 and 40. The system can be calibrated 
by including a multiplier in line 70. Note 


Control Port Port Port Port that all of the programs given including 

| Word D7 D6 DS DA D3 D2 DI DO A cu CL B the main program, use the 16380 to 16383 
138 1 0 0 0 i 0 1 0 Output Input Output Input | bank of addresses which are selected by 

154 1 0 0 i 1 0 1 0 Input Input Output Input inserting track pins into the holes marked 


with a circle on the /O Port board. You 
| can however select addresses 16363 by 





Table A : ; : inserting pins into the holes marked with 
= 3 = = = a square on the board. If you do you 
Refer to Table A for the new codes. Port oa: | would have to modify the programs 
C is split into two equal halves by several faa & Ic6 | accordingly. 
of the mode numbers. If you PEEK and | One of the uses of the ports is to find 
POKE at the same time through port C, it the position of an article or instruct a 
will be necessary to subtract the POKEd ma machine to move to a position. An 8-bit 
number from the PEEKed number in 3K =Cu port gives you 256 positions to select 


order to obtain the correct PEEKed = Scider from. The instructions are issued as 
number. The number POKEd through a together binary numbers through the port which | 
port is latched (remains there) until the Se ete tits come from decimal numbers in our 


next time the computer issues a new coe 


contro] word i.e. 16383,---. It is also worth 
noting that the port remains low until 
POKEd with a number greater than zero. 

The Maplin l/O port has three ports, 
but you can expand this by selecting 
alternate data for a port. This system 


2x81 1/0 Port PCB GA9OX 


program. Unfortunately, when changing 
from one to the other, more than one bit 
changes at a time even when changing 
from consecutive decimal numbers. If 
two bits have to change, it cannot be 
guaranteed that they will both change at 
exactly the same time. This can lead toa 





relies on the data selection chip, the Saas 
74157, and a spare data line on one of the Figure 2. VO Port modifications 
other ports. The 74157 selects one of two = = ee - = 
data buses depending on the state of the 
select pin on the chip. Which spare data 
line is used to drive the chip will have to | 
be carefully chosen according to the 
circumstances. In fact, I have implement- 
ed this idea in my design to expand Port 
B to receive data from several sources. 

If you need to count events occurring 
rapidly, then the following may be useful. 
The simplest way of counting is to update 
a store in the computer on each cycle of | 
the program. This is not very reliable and 
can only be used for the slower events. A 
better method is for the computer to read 
the state of an up-counting 8-bit chip 
every cycle or when needed. If longer | 
counts are needed, then the input signal | 


wrong number being issued or read by 


Compass 





| | 


(= 
Data Selector 

: 

Cy 


to the counter can be divided by say 100. 
(The 7493 can be wired to divide by 
several different numbers). Another 
problem which can be solved with a | 
counter, is the measurement of speed | | 


J] >] On] & 


and change in speed. Signals are counted 
by a four-bit counter and the computer 
samples the state of the counter every 
cycle. The difference between the two | | 
counts is calculated and then factored to | 
give speed. The difficulty here is that the 
numbers go through zero and the straight 
subtraction of one number from another | 
will not give the true number of events | 
between samples. This problem is over- | 
| 


Data Selector 
@ 
= 
2 
a 





4 Bit | 
Counter Tiller | 


come by using the Sign function. A 
suitable program is: 


10 POKE 16383,138 

20 LET A=PEEK 16382 
30 PAUSE 10 

40 LET B=PEEK 16382 
50 LET C=B-A 

60 LET N=C+8-8*SGN(C+ 1) Servo 
70 PRINT N Control 
80 GOTO 20 


Line 60 calculates the real difference ee 
between the two samples taken at lines Figure 3. Block Schematic 


a) 
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the computer, This has been overcome 
by Grey coding the binary numbers. This 
arranges them in an order such that only 
one bit changes between consecutive 
numbers. This means that the numbers 
are al] out of sequence but this is 
corrected for by the program. The Grey 
coded numbers are put into a string and 
then read out in true order on demand. 
The following example of Grey coding 
and stringing was used for the wind 
direction finder and gives a resolution of 
22.5 degrees with four bits. Five bits 
would improve the resolution to 11.25 
degrees and so on. The compass has six 
bits and has a resolution of 5.625 degrees. 


Grey 

Coding Four bits String 

Binary Decimal Decimal String 
0000 0 0 000 degs. 
0100 2 1 247 
0101 10 2 023 
0001 8 3 225 
0011 12 4 338 
0111 14 5 270 
1lll 15 6 315 
1011 13 7 293 
1001 9 8 067 
1101 ll 9 180 
1100 3 10 045 
1000 1 ll 202 
1010 5 12 090 
1110 7 13 158 
0110 6 14 113 
0010 4 15 135 


The following program will read 
Grey coded numbers through the lower 
half of port C and print sequential 
decimal numbers. 


10 POKE 16383, 138 

20 LET F$="0002470232253382703 152930 
67180045202090 158113135” 

30 LET F=PEEK 16382 

40 LET X=(3*FY/16 

50 PRINT AT 10,10;F&(2+X-1 TO 
2+X+1) 

60 GOTO 30 


These ideas can be expanded upon but it 
begins to be difficult to build the 
hardware to sufficient accuracy to match 
the degree of resolution achieved within 
the program. 


Electronics 


Figure 3 shows a block schematic of 
the additional circuitry required to inter- 
face between the sensors and the ZX81 
VO Port board. The compass is connect- 
ed directly to Port A and the 6-bit binary 
pattern can be readily accessed. The 
Anemometer is joined to a 4-bit counter 
and the data can be read by Port B. The 
Log is coupled in a similar fashion but the 
information is read by Port C. The Log is 
also connected to signal dividers and 
then to an 8-bit counter to give distance 
travelled information. The Wind Vane is 
tead by Port B to give wind direction. It 
was found most convenient to house all of 
the electronics for these parts together in 
one ‘interface box’, along with the power 
28 





pack to give the necessary voltages for 
the TTL chips, the /O Port and the ZX81 
itself. 

Part of Port C is used to control the 
servo motor and also to sense the position 
of the tiller, so that adjustments can be 
made to keep the boat on the right 
course. All of the electronics could be 
housed in a ‘Servo Controller Box’ and it 
would include the servo drive transistors. 


Schmit? Trigger 


I have found that the signals between 
the tiller follower and the comparator 
chip will be more reliable if a Schmitt 
Trigger is included. I have put it in the 
line between the follower and the servo 
controller. It would be better if it were 
incorporated in the servo controller box. | 
One of the problems with building 
circuits can be the variability between 
components. The I.R. parts in the follower 
have proved to be very variable. I had to 
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Figure 4. Interface Circuitry 


S REM "IN" 
Ss 


15 PRINT “INTEGRATED NAVIGATIO 
N PROGRAMME" 

20 PRINT AT St @; "THIS PROGRAM 
STEERS YOUR BOA 

25S PRINT AT 460; “FROM INPUTS 
F TIDE,WIND AND WHERE you GAN 
T Ta 6a TO" 

3@ PRINT AT 6,5; "SELECT ONE OF 


4@ PRINT TAG S; "(is TIOES" 

45 PRINT TAB S;" (2) NAVIGATION" 
5@ PRINT TAB S;" (3) WIND SPEED 
AND DIRECTION” 
"(4) UATER SPEED 


SS PRINT TAB 5; 
AND DISTANCE" or 
6@ PRINT TAB 5S," (5) STEERING 

65 PRINT TAB 5; "(6) 

66 PRINT AT_18,0;"TO RETURN TO 
THIS PAGE- PRESS R" 

78 PRINT AT 21,0; “TYPE NUMBER 
REQUIRED: 


TNPUT pale) 
680 IF JO<1 OR JO>6 THEN GOTO 7 


68S IF JO=1 THEN GOSUB 1000 
90 IF JO=2 THEN GCSUB 2002 
95 IF JO=3 THEN GOSUB 32e00 
1@0@ IF JO=4 THEN GOSUB 4@00 
10S IF JO=S THEN GOSUEB Seee 
410 IF JO=6 THEN GOSUB Ge@ea 


=) 
1000S PRINT “TIDES” 
1010 PRINT AT 2,0; “THIS PROGRAM 
CALCULATES THE AVERAGE _ TIDE 
AND DIRECTION FROM HOURLY TIDAL 
DATA” 
1015 PRINT AT 6,0; "ENTER THE TID 
E SPEED AND DIRECTION (AL 
WAYS MEASURED CLOCKWISE FROM NOR 
TH) FOR EACH HOUR 
1020 IF _INKEYS$="" THEN GOTO 1025 
19030 LET C=0 


1037 LET N=o0 
104@ PRINT AT 10,0; "TIDE STRENGT 


1045 INPUT Ti 

1046 LET N=Nt1 

1@5@ PRINT AT 190, ae. or 

4105S PRINT AT 10,20; 

196@ PRINT AT ii, a. TIDE ANGLE =" 

1065 INPUT OT 

1070 LET ©T1=0T/57.296 

1075S PRINT AT 11,290; ou 

1@6@ PRINT AT 11,20; 0T 

1eeS LET Ai1=T1x#COS OT1 

4090 LET Bi=TiIi*SIN OT1i 

1095 LET C=C+Ai 

1100 LET 0=0+61 
AT 13,0; "EASTINGS="" 

13,22; 


1115 PRINT AT 13,20; Do 

12@ PRINT AT 14, @; “NORTHINGS =" 
85 BRINE Gr 127387 

4 

1435 PRINT _AT 16, @; IF FURTHER D 
TA TO BE ENTERED - PRESS Y,IF N 
OT PRESS _N” 

1140 IF INKEY$="" THEN GOTO 1148 
ee IF INKEY$="Y" THEN GOTO 104 


1155 LET E=C#C+020 
2160 PRINT AT 20,0; "AVERAGE TIDE 


1165 PRINT AT 20,20;" a 
117@ LET Fi=S0R “N 

4171 PRINT AT 20,20;F1 

eee PRINT AT 21, 3° i. RUER. TIDE AN 
Le =" 

1180 PRINT AT 21,280; re 
=0/C 

119@ LET G=ATN F 

1195 PRINT AT 21,20;G62#57.296 
1200 IF INKEY $="" THEN sata 1200 
4205 IF INKEY$="R"° THEN GOTO 12 

3305 BRINT “NAVIGATION” 

2010 PRINT AT 2,0; "THIS PROGRAM 
CALCULATES CouRSsE AND DISTANCE 
FOR MOTORING OR SAILING" 
2015S PRINT AT 6,0; "DISTANCE A TO 


AB 

> "ANGLE OF B=" 
BA 

° BOAT SPEED=" 


@; 58 
; "TICE SPEED=" 


2080 PRINT AT 10,0; "TICE ANGLE=" 


2090 PRINT AT 10,20; OT 
2095 PRINT AT 11,0; "WIND ANGLE=" 


2108S PRINT AT 11,20; QU 
12, PRINT AT 12, o: SU IND/BOAT AN 


S INPUT oOBU 

@ PRINT AT 12,20; OBW 
=OT/S?: z=5 
=PpI+Z-Y- 


(ST #673568) 
=] =ABsB/SIN Cc 


VVUN VRAD 
PPPPPPEPPPPIP 
menenecpact! 
im 
m 
“| 
aH 
mu 


It 


6S: LET 

217@_ PRINT AT 14, cee NOT TACKTI 
NG _ STEER- @=" ;D257. 29 

2175S PRINT AT 15, 935° MIL LES=";A16 
2180 PRINT AT 16. @; “IF TACKING S$ 


2186S LET tL=0 

21990 LET O=PI-22M 

2195 LET P=N+4+MN-L 

2200 LET @=L+M-N 

2208S LET F=SIN P 

2210 LET G=SIN O 

2215 LET H=SIN @ 

2e2e@ LET AC=A1B2#F /G 

2225 LET CB=AIBs#H/G 

2230 LET OLiz=22#PI- ets 

2235S LET @L2=PI-0-9@ 

Pig OLis2sePt THEN LET ®OLiA=s@L 
~2: 

Segre @L2>22PI THEN LET @L2@=@b 
-at 

2240 PRINT AT 16,18; “OL1="; OL1iz#5 

7.296 


2245 PRINT AT 19.17; “LEG1I=";AC 
Soe oe AT 20,18, "O@L2="; OL245 


aT “LEG2=";CB 
2260 IF AC«e@ on 168% OR OL1i<@ OR 
@L2<@ THEN GOTO 2272 

2265 IF AC>=e OR CB>=@ OR @L1>=e 

OR @L2>26 THEN GOTO 2260 

2270 PRINT AT 21,0; "NO TACKING" 
2275 IF INKEY$="" THEN GQTQ 2275 
2280 IF INKEY$="R" THEN RETURN 
2290 PRINT AT 21,0; "TACKING" 
2295 GOTO 2275 

3000 CLS 

3985 PRINT “WIND SPEED AND DIREC 
391@ POKE 16383,138 

3012 POKE 16380,128 

3013 POKE 16382,3 

3015 GOSUB 3210 

3020 LET O=4 

3025 GOSUB 3210 

3030 LET P=M 

3035 LET @=P-0 

3040 LET N=0+8-8#5GN (@+1) 

3045 PRINT AT 18,1; "WIND SPEED" 
3@5@ PRINT AT 12,5: ” 

3055 PRINT AT 12 

3060 LET F&= | 93342 50232253382703 
15293067180045202090158113135" 
3065 LET R=A-P 

3070 LET F=R 

3075 LET X=(3#F) 716 

3080 PRINT AT 10,16; "WIND OTRECT 


3086S PRINT AT ie, 3 i 
3090 PRINT AT 12. 53: F$(2+x- -1 TO 
2+X+1) 

3095 IF INKEYS#="R" THEN GQaTQ i 
3100 GOTO 301e 

3210 LET A=PEEK 16361 

3215 LET BH=INT (A2) 

3220 IF 22#6B<«<A THEN LET 2=1 
3225 IF 2268>=A THEN LET 2Z2=8 
3238S LET C=INT (8/72) 

3240 IF 22#C<¢B THEN LET Yel 
3245S IF 2sC>=B THEN LET Y=@e 
3255 LET D=INT (Cra) 

3260 IF 2#D<C THEN LET X=1 
3265 IF 2#D>=C THEN LET X= 
32785 LET E=INT (072) 

3280 IF 2@#E<0D THEN LET We=i1 
3268S IF 226 >=0 THEN LET Wea 
3290 LET See Tee ese 


=) 
et kes Su “WATER SPEED AND DIST 
4010 PRINT AT 3,0; "THIS PROGRAMM 
E GIVES BOAT sPEED AND DISTANCE 
TRAVELLED THROUGH THE WATER” 
40202 POKE 16383,138 
4025 POKE 16380,92 
4026 POKE 16362,3 
4030 LET A=PEEK 16361 
4035 GOSUB 49095 


1 


Figure 5. Servo Circuitry 
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REARS A 


404@ LET O=M S@68 PRINT AT 18,15;" ” 


4050 LET P=N SO72@ POKE 16382,2 
4055S LET @=P-0 5071 IF R>=@ THEN GOTO 5072 
4060 LET N=08+6-8#SGN (9+1) | Se72 INPUT 


R 
4065 PRINT AT 10, ees SPEED" Bete IF XINKEYS="N" THEN GOTO 507 





























07 1N4001 


= 
[<=] 
NY, 


4970 PRINT AT 1 
4075 PRINT AT 12°85; 5075 LET X=(PEEK 16380) #3 
wees PRINT AT 10, 165 “UATER DISTA | Pers LET C=VAL (C$(24X-1 TO 24+X+ 
4@8S PRINT AT 12, 22; * . S079 PRINT AT 14,7; " He 
4090 PRINT AT 12,22; | SQ@80@ PRINT AT 14,7;C 
4091 IF INKEY$="R" +HEN GOTaQ 1 S681 PRINT AT 14,22; " ot 
4092 GOTO 4830 5862 PRINT AT 14,22;R 
4095 LET M=(PEEK 16382-3) /16 508es IF >180 AND C<=3868 AND R>= 
4188 PAUSE 12 @ ANO R<iae THEN GoTo S$30@ 
4105 RETURN 5090 IF R>18@ AND R«<=360 AND Co= 
S@0e@ CLS | @ ANO C<188 THEN GOTO 5400 
5005 PRINT “STEERING” S@9S LET D=C-R | 
5@10@ PRINT AT 3,0; "THIS FPROGRAN $10S_ IF 0>-S.62S5 AND O<S.625 THE 
STEERS THE BOAT ef ROM COMPASS N GOTO 550 
AND RE@UIRED COURS 5118 IF O0>@ THEN GOTO $155 
S@20@ PRINT AT 8,90; S INPUT compass 5115 IF O<@ THEN GOTO S120 
AND REQUIRED COURSE-— PRESS 5120 IF 0<-16.875 THEN GOTO 570@e@ 
N FOR NEW COURSE” 5125 LET O=INT (D/7S.62S5) +1 
S@2S LET Z=3 5130 LET X=ABS 
S@30 LET C=98 514@ LET Z=VAL (AS(X)} 
5035 LET R=-1 5145 GOTO Se6s 
504@ LET Ag="11" 5155 IF 0>16.875S THEN GOTO S600 
Soaa LET es ooa Sieés Let yeaes (oO) 
42b CK="0003542 @ = 
80174" = Ste Tees eses $1785 LET Z=VAL (Bsty)) 
S@43 LET C$=C$+"0063492592760790 S180 GOTO 586 
96186169” S300 LET C=360-C 
5044 LET C$=C$t+"O172R8248287a681 5310 LET D=C+R 
ogis "ter S325 ip BSSsSs Het BE? "S%8o 
tL C$=C$t"O113432532810731 > 
Bueeiienice Se | S330 LET D=INT (075.625) 
S046 LET C$=C$+"O393152253090451 $335 LET Z=VAL (AS(D)} 
2921913S" 3340 GOTO Se65 
S047 LET C§=C$+"0343212313040511 S400 LET R1=360-R 
24214141" 5405 LET D=ABS (C+R1i 
S048 LET C$=C$+°O0233322422930621 $410 IF 0<S.625 Shen GOTO SS8e 
13203152" eeae GoTo 5155 
5049 LET C$=C 8+" O283262362980561 = 
isaeeiag" 5505 GoTO Se@6s 
S@50 POKE 16383,154 5600 LET Z=15 
S@5S PRINT AT 12,5; "COMPASS" | S605 GOTO S5e65 
SQ@60 PRINT AT 12 *20; "REQUIRED" S700 LET Z2=0 
$061 PRINT AT 18,0;""STEER CODE=" S7@S GOTO S065 
5065 IF INKEY$="R" THEN GOTO 1 
experiment to strike the best balance of | The interface circuitry is shown in Figure As you will see from Figure 6, the 
resistors which will take the trigger low 4 and the servo control box circuitry is system requires a range of supplies. | 
enough to read low and high enough to shown in Figure 5. Remember that you do have provided these, either directly from 
read high (0.9 and 1.7 volts respectively). | not have to lump all of the electronics the 12 volt accumulator in the boat or 
The values I have shown for R4 to R7 together as I have; in fact you may have a from a separate (old) one through three 
should be a good starting point though. | better solution in mind already. 7805's. The TV and the servo require 
== ae 
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§ ome o 
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relatively large currents and are wired to 
the boat accumulator. The TV can be 
switched off when not in use - during 
steering. The rest of the system uses very 
small amounts of current, but the voltages 
must be steady and free from ‘spikes’ 
caused by generators etc. The regulated 
voltages are supplied through a power 
pack which is made from three 7805's. 
Two supply 5 volts and drive the I/O port 
and the interface electronics. The third 
one is balanced to supply 8 to 9 volts for 
the ZX81. The circuit is shown in Figure 4. 
The 7805's get quite hot and should be 
fitted with a heat sink of some 10cm*. I 
have fitted them into the interface, but 
feel] that they would probably be better in 
their own box to help dissipate the heat. 


e 
Program Operation 

Below are a set of instructions which 
should be followed when using the 
program. Enter the program from the 
tape and press ‘RUN’ followed by 'NEW 
LINE’. A list of options will appear on the 
screen. Choose the one you require and 
enter the number on the keyboard. When 
you have finished with that option, press 
‘R’ and you will return to the main menu. 
Option 1 is the tidal information and to 
use it you must first estimate how many 
hours the journey will take. From the 
Almanac, obtain the speed and direction 
of the tide for each hour. Enter them in 
the computer as required by the TV 
display. You will need to press ‘Y after 
entering each pair of inputs. When all 
have been entered, press ‘N’ and the 
Program will display the average 
strength and direction of the tide during 
the time of the journey. All tidal strengths 
are positive towards the port and the 
angle is measured as positive in a 
clockwise direction from magnetic north. 
The program also displays ‘Eastings and 
Northings’ of the vectored sum of the 
tides entered. This gives the position of 
where you start from if you wish to plot 
your course. It can be useful to check on 
whether or not you have entered things 
correctly into the computer when using 
option 2. 

Option 2, the navigation program, 
will ask for the inputs one at a time. 
Distances should be measured in nautical 
miles and speed in knots. The positive 
direction for distance is away from the 
starting point, and for tides, towards it. In 
the case of wind, it is towards the starting 
point. Angles must be measured in 
degrees from magnetic north and in a 
clockwise direction - see Figure 7. The 
final item required by the program is the 
angle that the boat will sail to the wind. 
This is intended to be your estimate and 
relies on your experience of the boat. If 
you are not sure how well the boat will 
sail then run the program several times 
entering different boat speeds and 
angles to the wind noting the different 
courses and distances through the water. 
By comparing the output you will be able 
to judge whether to sail slowly close to 
the wind or bear off a little. If you are 
motoring, still enter the data or else the 
computer will not continue. If you judge 
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A, 


Distance 


Figure 7. Navigation Geometry 
that the conditions don’t favour sailing, 
the first outputs will give you the direct 
course and the distance through the 
water. If however, you choose to sail and 
the wind is against you, the second set of 
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outputs will be the courses and distances 
through the water for tacking. The 
program will also tell you whether you 
can sail straight there or will have to tack. 

Option 3 gives the wind speed and 
direction as calculated from the informa- 
tion supplied by the Wind Vane and the 
Anemometer. The figures are displayed 
on the screen and are related to the boat. 

Option 4 shows the water speed and 
the distance travelled through water. This 
information is supplied by the Log. The 
distance travelled is stored on an 
external 
chip and read on demand by the 
computer. This can be reset by pressing 
the ‘Distance Reset’ button in the interface 
circuit. 

Option 5 is the steering program. To 
use this program you only enter the 
course you want to steer and the 
computer will keep the boat to this 
course. If you need to tack at some time 
during the journey, you will have to keep 
an eye on how far you have travelled. 
This can be done by calling up option 4. 
The courses to steer can, of course, be 
calculated using option 2. New courses 
can be entered by pressing ‘N’. 

Finally, if you do not wish to sit and 
type in the program, a tape is obtainable 
from myself for £5.00. Just write to me at 
28 Stirling Way, Horsham, Sussex, RH13 
SRP, enclosing a Cheque/Postal Order 
made payable to D.I. Heaps. 

Happy Sailing! 














SEVENTEEN 
STUPENDOUS OFFERS 


If you SUBSCRIBE NOW fo ‘ELECTRONICS’ - THE MAPLIN MAGAZINE 


One year’s issue cost just £3.00 the same as at the newsagents. And you can order as many issues as you like at 75p 
each regardless of any future price increases, your price is guaranteed if you pay now. Don't miss the dozens of 
fascinating and novel new projects and features we've got lined up for you this year! Order a subscription now and 
choose a bargain from the offers below ...or as many as you like. If you still have issues to come on your existing 
subscription to Electronics” then you may order any offers on this sheet without resubscnbing. 


SOLDERING IRON CS 


The Antex 17W precision miniature soldering iron 
complete with 2.3mm bit, 240V AC mains operated, is 
ideal for soldering modern miniature components. 


At an ideal price of £4.95 Usually £6.95 


Order As SA07H (Soldering Iron CS) 


SOLDER 


Yekg roll of top quality flux-cored 
solder. A bargain at 


ONLY £9.25 
SAVE £2.73 
Order As SA09K (Solder 1/2kg) 


DATA CASSETTES 


Fed up with searching for your programs 
on long data cassettes? Solve your 
problem! Here are 20 high quality 
cassettes, each with a total run 
time of 12 minutes. Easily stack- 
ed in their own perspex case. 
(Five tapes to a case). Save 

Time and Money on this purchase. 


ONLY £6.80 saves yous! 


Order As SA12N (20 Cassettes) 


ELECTRONICS 


Buy all four magazines in 
Volume 3 for 2 price. 46 
different Projects plus lots of 
interesting features for only 


£ I .40 the set issues 


9, 10, 11 and 12. Order As SA13P (4 ‘Electronics Mags’) 





NICKEL CADMIUM BATTERY CHARGER 


Save £’s and charge your own 
batteries. This unit can take size 
AA, C and D cells. Designed to 
charge two or four batteries of 
the same size in one go. 


Paki 


NOW suriees SAVE £3.00 


Order As SAI5R (Ni-Cad Battery Chgr) 











DESOLDER TOOL 


An essential tool for any home constructor or engineer. 
Easy to operate with a replacement Teflon nozzle 


assembly. ONLY £3.95 save £2.00 


a 


Order As SA08J (Desolder Tool) 


BITS AND STAND FOR cs & CX 


Three popular size bits anda 
soldering iron stand complete 
with a chromium plated strong 
steel spring and sponge. 

Bit Type 6/1106 lmm — seme 
Bit Type 110023nn = = 
BitType11013mm 0 <i 


ALL THIS ONLY £4,65 Normally £6.65 
Order As SAI10L (3 Bits and Stand CS) 


FLOPPY DISKS 


A pack of 10 standard 5%in. 
diskettes. Single-sided suitable ¥| 
for single or dual density 

disk drives. 


SA VE £3 A bargain at 








£14.95 per pack. Order As SA11M (10 Floppy Disks) 


21128 250ns 


EPROM 
A first grade device for 
ONLY £14.95 
Save £4.00 
on our usual LOW PRICE SAVE £3!! 
Order As SA22Y Order As SA14Q 
(27128 250ns EPROM) ‘| (Pack of 100 1N4148 Diodes) 


RE-CHARGEABLE BATTERIES 


These nickel cadmium batteries 
are guaranteed to last 500 charge 
cycles. Our types C and D are full 
capacity type (1800mAh and 
4000mAh) not 1200mAh as sold 
by most stores. 

Ni-Cad AA (HP7-size) Pack of 4 only £3.35 Order As SA16S 
Ni-Cad C (HP11-size) Pack of 2 only £4.20 Order As SAL7T 
Ni-Cad D (HP2-size) Pack of 2 only £6.50 Order As SA18U 


SA VE up to £3. 00 on these packs. 
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1N4148 


A pack of 100 top quality 
DIODES 
At a give away price 


ONLY £2 








READER’S LIGHT 


Asmall, portable battery | 

powered lamp that may be 

either free standing or 

clipped to a shelf or the 

edge of atable up to 30mm | 

thick. Uses four AA size 

batteries (not supplied). 

A flush on-off slide switch 

is provided plus a 2.5mm 

jack socket for an external 

6V supply. Very useful for 

working in awkward 

comers of cabinets, chassis 

etc. The jointed arm is capable of a wide vaviety of 
positions. Overall dimensions, folded - 120 x 45 x 60mm. 
Maximum reach of arm - 208mm. 


ONLY £3.25 


Order As SA23A (Reader's Light) 


LOW-COST MULTIME TER 


The Low-Cost Multimeter which 
has appeared in the 1984 Maplin 
catalogue and which has now 
been replaced by the new 
Precision Gold range. It has a 
1,0000/V sensitivity with three 
DC Volts and three AC Volts 
ranges selected by plugging the 
test leads into the relevant 

range socket. There is one 
current range to 150mA 

and one resistance ‘ 
range from 1009 to 100k. 
Supplied with test leads, HP7 type battery and operating 
instructions. Size 90 x 60 x 30mm. 


NEVER TO BE REPEATED OFFER AT£4.995! 
Order As SA24B (Low Cost Multimeter) 


GUITAR BUDDY 
PRACTICE AMPLIFIER 


A small practice amplifier in 

kit form for guitars. This neat, 

well designed unit will pro- 

duce a 2.5W output from an 

integral 4” diameter speaker, 

or alternatively toa 

pair of headphones 

via a Yin jack socket 

to exclude other 

people or extraneous 

noise. Input is via two 

parallelled Yin mono 

jack sockets. Volume 

and tone controls are 

provided & a 3.5mm 

jack socket for connection to an external 9-12V DC 
supply, in addition to the internal battery (PP9 size). 
Complete with custom injection moulded black plastic 
case. Dimensions 200mm wide x 120mm deep x230mm 
high. Weight 950 grams less battery. 


onty £18.50 


Order As SA25C (Guitar Buddy Kit) 
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PROFESSIONAL MULTIMETER 


This high quality professional 
multimeter with transistor 
tester offers 


* 20,000 Ohms/V DC 
8,000 Ohms/V AC 
% 0.1V to 1000V DC (6 ranges) 
* 10V to 1000V AC (4 ranges) 
* —10dB to +62dB 
* 50uA to 10A DC (5 ranges) 
* 0 to 20M Ohms (4 ranges) 
* Transistor Type/Quality Test. 


Other features include a 90mm 

mirrored 90° scale, knife edge 

pointer, an overload protected movement, Fuse and Diode 
Protection with a Jewelled movement. Complete with Test 
Probes, batteries and instruction manual. 


AN UNBEATABLE OFFER AT ONLY £1495 
SAVE £5.00 on our r.r.p. of £19.95 
Order As SA20W (Professional Multimeter) 


VIDEO KOPY KIT 


This easy to use Video Copying Kit will allow you to 
transfer recordings from one video recorder to another. 
Each kit contains 4 leads and 6 adaptors. The plug and 
socket combinations possible with this kit permit almost 
any VHS or Beta recorder to be connected to any other 
VHS or Beta machine. 


SAVE £2.00 on this versatile kit!! 


UNBEATABLE VALUE at only 1.959 
Order As SA19V (Video Kopy Kit) 


MAKE YOUR OWN PCB's 


With the CM100 Kit Fass 
itis now possible to 7 ale y 
make PCB's toa het — 
professional stand- | 
ard. The special - 
autopositive film 
can be used in 

*normal room light- 
ing. Each kit con- 
tains a universal 
exposure and 
assembly frame, 6 
double sided circuit 
boards, photoflood bulb, film developer, fixer, dishes, 
cloth, gloves, thermometer, pen, clips, drills, copper 
etchant and neutraliser; in fact everything you need. Full 
instructions are included with each kit. We also stock 
parts for this kit separately so that you can top up later on. 


sAVE A MassivE&L0.00 
A real investment at only £49. 95!! 


Order As SA21X (CM100 PCB Kit) 











by Nigel Fawcett 


In response to the 8-channel fluid 
detector project in Vol. 3 Number 11, 
many requests have been received 
asking for more detailed information on 
how to use the digital outputs to control 
mains devices. The first, and simplest 
form, was how to replace any of the LED's 
with the coil of a relay. This is achieved 
by removing the 1k load resistor (R3, 5, 7, 
9, 11, 13, 15, 17 depending on which 
channel is being used), and replacing it 
with a 100 ohm resistor. The LED is also 
removed and this is replaced by the coil 
of the relay. The relay should have a coil 
resistance of approximately 300 ohms, 
and a nominal voltage of 12V DC. The 
new output stage is shown in Figure 1. 

If a channel is used to switch the 
mains and the LED is also required then 
the circuit shown in Figure 1 is needed in 
addition to the output stage on the Fluid 
Detector PCB. A flying lead from the IC 
side of the 10k resistor (IC3 and R4, 6, 10, 
12, 14, 16, 18, depending on which 
channel is being used) must be taken to a 
separate board with the relay drive 
circuit on it. Refer to Figure 2. This 
modification satisfies the requirements of 
the nurseryman and his greenhouse mist 
sprayers, as described in the original 
article. 





Figure 1. Relay driver 


Flying lead to 
external Relay 
. driver 
wire 
| C3 
as on EZ 
R4 6etc 

Figure 2. 






































































































































































































































































































































The second and more complicated 
control circuit is used, for example, 
where a tank is gradually filling up with 
water, which must be pumped out to 
prevent the tank from overflowing. In 
addition, the water flowing into the tank 
can be turned off by mains controlled 
valves. It is decided that the pump should 





Figure 3. Circuit diagram 





MAINS CONTROLLER 


FOR 8-CHANNEL FLUID DETECTOR 





not start emptying the tank until it is half 
full, but should continue to pump out the 
contents until the tank is empty. If the 
inflow of liquid exceeds the outflow and 
the tank becomes full, then the inlet 
valves must be closed and remain closed 
until the tank is half empty. The require- 
ments for the pump and the inlet valves 
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are actually the same, so two identical 
circuits are required. The logic for the 
circuit shown in Figure 3 is that the relay 
should be energised when two separate 
inputs are both ‘high’ and remain energis- 
ed until both return to the ‘low’ state. In 
point of fact, only the ‘A’ input need go 
‘low’ to release the relay, but the applica- 
tion hardware ensures that the ‘B’ input 
must logically already be ‘low’ before the 
‘A’ input too becomes ‘low’. 

This second modification is the one 
that was used for the darkroom/work- 
shop described in the original article. 
Figure 5 demonstrates this application in 
use. 

Circuit Description 

The circuit consists of two identical 
circuits, each of which comprise two 
AND gates, one OR gate, a relay driver 
and a relay. The ‘A’ input is used as the 
control input and is connected to both of 
the AND gates. The ‘B' input is connected 
to one of the AND gates, and the outputs 
from the AND gates are in turn connected 
to the inputs of the OR gate. The output 
from the OR gate is used to control the 
relay, but is also fed back to the input of 
the other AND gate. When ‘A’ and ‘B' are 
both low then the inputs to the OR gate 
are also low, holding the output low as 
well. When the ‘A’ input is taken high 
nothing changes, but when the ‘B’ input is 
also taken high the output from that AND 
gate goes high and in turn the OR gate 
output goes high, this switches the relay 
driver, but as the output is also fed back 
to the second AND gate, the output from 
the OR gate is latched high even when 
the ‘B’ input returns to the low state. The 
OR gate output will only return low when 
‘A’ is also returned to the low state. 


Construction 


All components are fitted on the 
printed circuit board (see Figure 4). Start 
by inserting, and soldering the resistors, 
proceed with the IC sockets and PC 
terminals, followed by the transistors and 
the relays. Finally insert the IC’s into their 
sockets. The 12V power supply is taken 
from the 8-channel fluid detector. Provi- 
sion has been made on the PC terminals 
for the relays, for connecting earth wires, 
one of these should be taken to the earth 
point on the power supply. 


RESISTORS: All 0.4W 1% Metal Rika 


R12 10k 

R3,4 1002 
SEMICONDUCTORS 

TR,2 BCHT 

Kl 4061BE 

1c2 4071BE 
MISCELLANEOUS 

RL12 SA Mains Relay 
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Figure 4. PCB track layout and overlay 
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Figure 5. Applications schematic 


Printed Circuit Board 1 (GB77]) 
a (M10K) PC Terminal 4-way 2 (RK730) 
a (M100R) PC Terminal 8-way 2 (RK38R) 

DIL Socket 14-pin 2 (L18U) 

1 
a Gaur A Kit containing the parts listed above is available. 
1 (QW43W) Order As LKS9P (Mains Controller Kit) Price £8.95 
The Mains Control PCB is available separately. 

2 crxesc) Order As GB77] (Mains Control PCB) Price £2.99 








ELECTRONIC 
CHRONICLES 


A Brief History of Electronics 





The 20th century has often been 
referred to as the Atomic Age, due 
mainly to the advances in nuclear physics 
which resulted in the production of the 
atom bomb. Although this has tended to 
dominate our lives since the Second 
World War, it could equally well be 
argued that the same period should be 
more correctly called the Electronic Age. 
The advances in the use and application 
of electronics has continued almost un- 
bounded, particularly during the past 
twenty years or so. Many of the machines 
available now would have been un- 
dreamed of at the beginning of the 
century, but nevertheless their roots can 
be traced back to this time. 

At the turn of the century much of the 
‘background’ work had been done by 
various scientists, so that the infant sub- 
ject of electronics stood poised to blos- 
som and bear the fruit we know today. It 
is instructive to trace the development of 
some of the pieces of modem electronic 


equipment, and this we shall do in due 


course; firstly, though, there are a few 
interesting personalities from this period 
who deserve some attention. 


Thomas Alva Edison stands along- 
side Joseph Henry as one of America’s 
greatest inventors. Indeed, it may be said 
that Edison invented the business of 
inventing things! Unlike many of his 
contemporaries he was not of an 
academic disposition, and much more 
interested in putting ideas to work to 
produce a saleable item. In this way he 
was very much heralding the pattern of 
working which can be seen today in the 
modern Research and Development de- 
partments run by large companies. 

Edison was bom at Milan, Ohio in 
1847. He had a very ordinary education, 
but his curious way of asking questions 
was taken for queerness by his neigh- 
bours, and his school-teacher told his 
mother that he was ‘addled’. This infuri- 
ated her so much that she took him out of 
school and attended to his education 
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by Mike Wharton 





herself. He turned to books for an educa- 
tion, and devoured anything he could 
find, reading almost as quickly as he 
could turn the pages and remembering 
almost everything. When he began to 
read books on science he turmed to 
experimenting in a small laboratory built 
in the house. In order to get money for 
chemicals he took on a job, at the age of 
twelve, as a newsboy on a train between 
Port Huron and Detroit, Michigan. During 
the time in Detroit he waited in the 
library, reading yet more books. 

Selling newspapers wasn't enough 
for him, and he bought a second-hand 
press and began to publish a weekly 
newspaper of his own, probably the first 
to be printed on a train. With his earnings 
he set up a little chemical laboratory in 
the baggage car; unfortunately, a chemic- 
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al fire started at one time, and he and his 
equipment were thrown off the train. In 
1862, young Edison rescued a small boy 
on the railway tracks, and the grateful 
father offered to teach him telegraphy, 
since he had no money for a reward. 
Edison was keen to learn and soon 
became the best and reputedly the fas- 
test telegrapher in the United States. He 
had also earned enough to buy a collec- 
tion of the writings of Faraday which 
solidified his interest in electrical tech- 
nology. In 1868 he went to Boston as a 
telegrapher and in that year patented his 
first invention. It was a device to record 
votes mechanically, for he thought it 
would speed matters in the American 
Congress and hence would be wel- 
comed. It wasn’t. A Congressman told 
him that there was no need to speed up 
the proceedings and that often a slow 
vote was a political necessity. After that 
Edison decided never to invent anything 
unless he was sure it was needed. 

In 1869 he went to New York City to 
find employment. Whilst he was in a 
stock-broker’s office waiting for an inter- 
view, the telegraph machine broke down. 
Maplin Magazine December 1964 





Edison was the only one there who could 
mend it, and was promptly offered a 
better job than he had originally gone for. 
From this point his career really blossom- 
ed, and after a few months he decided to 
become a professional inventor. He had 
devised a ticker-tape machine during his 
stay in Wall Street, and offered it to the 
president of a large firm. He had wanted 
to ask $5,000 for his machine, but lacked 
the courage, so instead asked the presid- 
ent to make an offer. The offer was a 
staggering $40,000 and Edison, at the age 
of 23, was in business. 

In 1876 he set up his research 
laboratory in Menlo Park, New Jersey. 
This was to be an ‘inventions factory’, and 
eventually he had as many as eighty 
competent scientists working for him. 
This was to be the fore-runner of the 
modem ‘research team’. He hoped to be 
able to produce a new invention every 
ten days, and he didn't fall far short of his 
target. Before he died he had patented 
nearly 1,300 inventions, a record no other 
inventor has even approached. 


country. On October 21st 1879 he set up 
an electric bulb made with such a 
filament; it burned continuously for forty 
hours and became the subject of the 
American patent number 222898. On the 
next New Year’s Eve the main street of 
Menlo Park was illuminated by electricity 
in a public demonstration that attracted 
three thousand people from New York to 
marvel at it. 

There have since been many de- 
velopments to bring the seemingly hum- 
ble light bulb to its present state, and a 
tungsten alloy filament has long since 
replaced the scorched cotton. The ad- 
vent of electric lighting brought with it 
many problems, some almost more in- 
tractable than the bulb itself. One such 
problem was to produce a generator 
whose output remained constant as lights 
were turned off and on, and Edison and 
his team tackled this with success. There 
was also the problem of power distribu- 
tion, which was to bring him into sharp 
conflict with Tesla and reveal a less 
attractive side to his nature. 





At Menlo Park in 1877 he invented 
his own favourite device, the phono- 
graph. Although it has been much im- 
proved over the years, in the first place 
by Edison himself, the principal of opera- 
tion remains unchanged over one hun- 
dred years later. With the invention of a 
machine that could talk, Edison finally 
convinced the world that he could do 
anything. Thus when he announced that 
he was to tum his attention to the produc- 
tion of an electric light bulb, the value of 
gas-light shares tumbled in both New 
York and London, so great was the faith 
in his abilities. 

However, it seemed that he had 
bitten off more than he could chew, for he 
was not the first to fail in this quest. What 
he wanted was a wire that could be 
heated to incandescence without melting 
or oxidising in the rather poor vacuums 
possible at the time. For a while it 
seemed that he too would fail, for it took 
him $50,000 and a year of experimenta- 
tion just to find that platinum wires would 
not work. After thousands of experiments 
he eventually discovered that a fine 
carbon fibre made from a scorched 
cotton thread was what he had been 
seeking, a solution which had been 
arrived at independently by Swan in this 
December 1984 Maplin Magazine 


Over the remaining years of his life 
he was involved in all manner of inven- 
tions, but throughout scorned the analy- 
tical approach to problem solving; his 
method was to read everything on the 
subject and then try every possibility in 
an all-devouring attack from all sides. He 
often conquered by sheer weight of 
effort. When eight thousand attempts to 
devise a new storage battery had all 
failed he said, “at least we know eight 
thousand things that don’t work!”. 

"Genius", he is reputed to have said, 
"is one percent inspiration and ninety- 
nine percent perspiration”. This seems to 
have worked for him, but there are 
probably not that many scientists with 
Edison's capacity for perspiration. Edison 
did record one scientific discovery. In 
1883, whilst working on improvements to 
the electric lamp, he sealed a metal wire 
into the bulb close to the hot filament. To 
his surprise a small current flowed from 
the hot filament to the wire across the 
gap. He duly wrote it up in his note-book, 
patented it in 1884, but since it seemed to 
have no practical use he didn't follow it 
up with his usual zeal. What he had desc- 
ribed is called the Edison effect, & was of 
great importance in the design of the later 
electronic valves by Fleming & de Forest. 





teres Mb * 


Nikola Tesla 1856-1943 


Nikola Tesla was born in 1856 in 
Smiljan, a town which was then in Croatia 
but is now in Yugoslavia. He studied 
engineering at the University of Graz, 
where he then began his inventing 
career. In 1884 he emigrated to America 
where he worked for a time for Edison, 
who had been his boy-hood hero. He 
worked long hours and developed a very 
successful arc light for street lighting. 
Unfortunately, being inexperienced in 
money matters he was exploited and 
scon became penniless. Edison went 
back on a promise to pay him for a 
particular invention, and Tesla left after a 
fight. This was the start of a long-running 
feud between the two men, for although 
Edison was regarded as having a dictato- 
rial manner, Tesla was not the easiest of 
people to get on with. After this he 
worked as a labourer laying cables until 
he could raise enough money to start his 
own firm, the Tesla Electric Company. 

He produced transformers for the 
generation of the high voltages for his AC 
power distribution system. In 1889 he 
accepted an offer to merge with the 
Westinghouse Electric Company, for 
which he was paid one million dollars 
and royalties of one dollar per horse- 
power developed by his AC motors. 
Working in his own laboratory he con- 
tinued to produce many inventions, in- 
cluding the ‘Tesla Coil’, a high frequency 
air-cored transformer capable of produc- 
ing sparks 5 metres long. 

As an inventor Tesla was not in 
Edison's class (no one ever was), but he 
managed to do very well. His greatest 
claim to fame is that he made alternating 
current a practical possibility. One of the 
great problems standing in the way of the 
development of the electrical industry at 
the end of the nineteenth century was that 
of transporting electricity over wires 
without too much loss. It was found that 
electricity could be transported more 
efficiently at high voltages, since for the 
same power an increase in voltage allows 
a reduction in current, and the major loss 
is proportional to the square of the 
current: (W = [?R). The current available 
from batteries or cells was, of course, DC, 
and no practical scheme for supplying 
Industry could ever be based on these, 
even if they were connected in series in 
order to obtain the required high voltage. 
Tesla’s idea was to use step-up trans- 
formers fed with alternating current to 
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| Tesla's first induction motor - 1887 


| raise the voltage for transmission, and 


then step-down transformers for the re- 
verse process at the destination. One 
problem this produced in turn was that 
electric motors were then needed which 
would run on alternating current (AC), 
and Tesla also devised the induction 
motors that would operate on AC. This 
method of electric power distribution is 
now common-place, and the high-voltage 
transmission lines strung from their 
pylons and the attendant transformer 
sub-stations are familiar sights across 
many landscapes. 

At this point, though, the superiority 
of this system was not proven, and Tesla 
and Edison emerged as the protagonists 
in an AC versus DC battle. For while 
Tesla had been working on AC, Edison 
had a vested interest in promoting DC 
power distribution. Edison’s long career 
of always being right, and Tesla’s own 
queer attitude made rational judgement 
virtually impossible. It is to Edison's 
dis-credit that he used some underhand 
methods to deter the use of AC. For 
example, he lobbied the authorities in 
New York to adopt the use of AC for its 
newly devised electric chair; indeed, AC 
is better than DC for electrocution. Hav- 
ing achieved this he then tried to point 
with great horror to the electric chair as 
an example of the deadly nature of AC! 
Tesla fought back with enduring bitter- 
ness, and enlisted the aid of inventor and 
business man George Westinghouse, and 
in the end the efficiency of AC won out 
over DC. 

In 1912 there was the intention of 
awarding the Nobel Prize for Physics 
jointly to Tesla and Edison, but Tesla 
refused to be associated with Edison in 
any way and so the prize went to some- 
one else. The last twenty-five years of 
Tesla’s life degenerated into wild eccen- 
tricity. He became interested in the emer- 
gent subject of radio transmission, but 
Tesla’s hope was to use it to transmit 
electrical power. Despite the expenditure 
of much effort and money this was to be 
an abject failure. Even so, his other 
achievements were great and the SI unit 
of magnetic flux density, (one weber per 
square metre), has been named the 
‘Tesla’ (T) in his honour. He died in New 
York in 1943. 
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One cannot progress much further in 
discussing the famous men of electricity 
in the twentieth century without some 
reference to Guglielmo Marconi. For it 
was he who set the ball rolling for one of 
the main endeavours in electronics, that 
of wireless communication. Marconi was 
similar to Edison in one important re- 
spect; he was a practical man who acted 
and experimented first and then left 
others to explain why what he had 
achieved should be impossible! 

Marconi was born into a well-to-do 
family in Bologna, Italy in 1874. He was 
privately tutored, but never entered a 
University. In 1894 he came across an 
article on electro-magnetic radiation, dis- 
covered eight years earlier by Hertz. It 
occurred to him that these could be used 
in signalling, in much the same way that 
messages were being sent by telegraph, 
but without the wires. He set up some 
apparatus along the same lines as Hertz, 
using a spark generator as the transmitter 
and a device called a coherer to detect 
the signal. The devices available for 
detecting such radio waves were very 
primitive and inefficient, for although it 
had been shown that the radiation pro- 
duced had properties similar to light 





Marconi with his apparatus for ‘telegraphy without wires’ - 1896 


rays, Marconi was still working in the 
dark, so to speak. A coherer was a glass 
tube loosely packed with iron filings, 
which normally only conducted a small 
current. When the radio waves fell upon 
it the conductivity increased and the 
current rose. In this crude way the radio 
waves were converted into a detectable 
current. By today’s standards these trans- 
missions were very simple, for the radia- 
tion would have covered a broad band of 
frequencies, more akin to heavy interfer- 
ence. Also the receiver was very insensi- 
tive, since no form of ‘tuning’ had been 
thought of yet. Gradually, though, he 
improved his instruments, grounding 
both the transmitter and receiver, and 
using a wire insulated from the earth to 
act as an aerial or antenna to improve 
sending and receiving. As time went by 
he sent signals over greater and greater 
distances; in 1895 he sent one from his 
house to the garden, and later over a 
distance of one mile. 

The Italian government showed little 
interest in his work, and so in search of 
greater sponsorship he moved to this 
country in 1896. Here he managed to 
send over a distance of nine miles, and 
Continued on page 42. 
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ELECTRONICS 


By Graham Dixey C.Eng., M.I.E.R.E. 


Introduction 


In the practice of electronics, the 
techniques of measurement and testing 
perform a variety of roles. They may be 
used in the design and development of 
original equipment (as opposed to ex- 
isting equipment) to evaluate the design 
as work proceeds. In the design of an 


| amplifier, for example, this will involve 
| d.c. measurements to establish that the 


bias conditions are as required; also a.c. 
tests to measure terminal impedances, 


| gain, bandwidth and any other special 


requirements. This is as true in a hobby 
situation as in the laboratories of some 
industrial giant. 

On the production line, measure- 
ment and testing are vital for setting up 
and testing to specification equipment in 


| manufacture. Depending upon the nature 
| of the equipment, type of test and 
| perhaps, the size of the company, such 


testing may vary from manual procedures 
right through to fully automatic testing, 
computer controlled. 

What may be considered as a rather 
less romantic area of testing is electronic 


| servicing, ie. the testing of existing 


equipment either to ensure that it con- 
tinues to function well or to rectify a fault 
when one occurs. It is, however, a chal- 
lenging aspect of electronics and one 
which employs a large number of en- 
gineers, technicians and mechanics, cer- 
tainly far more than are ever employed in 
development laboratories. It is really 
detective work of electronics and there is 
perhaps something of the same satisfac- 
tion at the moment that the culprit (the 
defective component) is apprehended. 
In this, the penultimate part of this 
series, we shall consider the latter categ- 
ory of electronic measurement and test. 
In the final part we shall look at the 
evaluation of circuits in the laboratory. 
Production line testing we shall omit as it 
is usually of little interest to the hobbyist. 


Logical Approach 
to Fault Location 


It is actually possible to find some 
faults by opening up the set, peering 
inside and pushing and pulling every- 
thing in sight! However, if this is the limit 
of logic in your approach, most faults will 
elude you. On the other hand, it is not 
necessary to have at hand a vast range of 
expensive instruments. Many faults can 
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Figure 1. Schematic of simple record player 


be found with nothing more than a 
multimeter and knowledge of how the 
particular piece of equipment operates. It 
is possible to formalise the procedure by 
adopting a specific routine. Examples are 
the ‘end-to-end’ and ‘half-split’ methods. 
The former is the means that many 
people would use without actually calling 
it by that name. 

Assuming that the record player of 
Figure | produced no output, how would 
the faulty area be found? There are four 
labelled test points. To some extent the 
choice of the first test point to go to is 
dictated by the precise nature of the fault. 
‘No output’ might actually mean ‘no signal 
output’, a ‘hiss’ being heard in the 
loudspeaker; in this case it is probably a 
safe bet that there is no problem with the 
power supply. If, however, no output 
means just that, then it is more logical to 
check the power supply and mains input 
first. Let us assume the first case, i.e. loss 
of signal and compare the methods 
named in order to identify the faulty area. 

First the end-to-end method. There 
are two approaches to this. Either inject a 
signal from a test instrument into each 
test point in turn (1; 2; 3 or 3; 2; 1) and note 
when an output is heard; or use a record 
disc as the signal input and connect an 
indicator (high impedance type) to each 
test point and note when a reading is 
obtained. The former is usually more 
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Figure 2. A variable output level signal 
injector 
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Part Five 


convenient, as a simple audio signal 
injector can be cheaply made and conve- 
niently included in one's tool kit (not all 
servicing work can be done in the con- 
venience of one’s workshop). A design 
for a simple audio signal injector is given 
in Figure 2. To cope with a range of signal 
levels, a fixed/continuously variable att- 
enuator is included. Excluding case, it 
can be built for about £2.00. Assuming 
that a signal injected at test point 1 
produces no output but a signal injected 
into test point 2 does, then clearly the 
fault lies somewhere in the pre-amplifier. 

It is useful to compare this with the 
‘half-split method’, the object of which is 
to eliminate as much as possible each 
time a test is made. (The end-to-end 
method eliminates only one item at a 
time). Thus, in the half-split method the 
signal is first injected into test point 2. If, 
for example, this gives no output then the 
fault lies in the second half of the circuit; 
otherwise the first half is faulty. Assuming 
the first possibility, the signal is injected 
into test point 3 thus eliminating half of the 
remaining components. Each successive 
test always eliminates half of the suspect 
stages. This may seem a trivial illustration 
and in a simple example like this there is 
little merit in using this method as 
compared with any other. But where it is 
an advantage is where there are a large 
number of stages (or components) in 
series. Suppose, for example, there are 
40 items in series. In the end-to-end 
method the faulty item may be found at 
the first test or the 40th. But in the half- 
split method, the number of items 
eliminated in successive tests is: 20; 10; 5; 
3 (or 2); 2 (or 1); 1, ie. no more than six 
tests. Thus, the merit of the method is 
speed. Some people may consider this 
discussion a little academic but what it 
should highlight is the benefit that can be 
gained by a careful and systematic 
approach to the subject. 


Parallel Chains 


There are a number of circuits that 
produce several outputs which may or 
may not be related. Common examples 
are stereo systems (separate left and 
right audio outputs) and TV receivers 
(separate sound and vision outputs). 
Invariably there is some common area 
and it is this area that must be 
investigated when all outputs are affected 
simultaneously. Conversely, it is this area 
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that can be ignored if not all outputs are 
affected. It is usually easier to find a fault 
in the common area than in specific 
areas. Sometimes it is as simple as a 
blown fuse or a loose mains connection. 
Otherwise the series methods must be 
employed for the defective chain. Some- 
times, as in the case of a TV receiver, 
waveforms and voltage levels for correct 
operation are available so that a meter or 
CRO can be moved along the chain to 
pinpoint the defective stage. In this case 
the signal received via the aerial is the 
test signal. 


Fault Location at 
Component Level 


Having narrowed down the fault to a 
specific stage of the equipment, there still 
remains the problem of finding the defec- 
tive component. I must use the word 
component loosely for sometimes the 
fault will be found to be a dry soldered 
joint, a crack in a PCB track, an ill-fitting 
pin in a socket, etc. Faults of these kinds 
often evidence themselves by slightly 
flexing the PCB and may need quite a bit 
of patience in finding. Sometimes a com- 
ponent fails catastrophically, such as 
when a resistor overheats due to a ‘short’ 
somewhere. It reveals itself by its discol- 
ouration. But most times the failed com- 
ponent just sits there, looking no different 
from its neighbours. So this is where the 
real detective work comes in. 

Some components fail in characteris- 
tic ways. For example resistors invariably 
go high resistance or open-circuit though 
there are instances where the opposite 
has occurred. Capacitors may fail open 
or short-circuit. Semiconductors may fail 
with short-circuit junctions or open- 
circuit internal connections. There are 
some common failures that lead to 
recognisable results. Figure 3 shows an 
amplifier together with a tabulation of the 
way in which the d.c. potentials at 
collector, base and emitter are affected 
by listed component failures. Convince 
yourself that you agree with these results. 
The principles involved are very simple. 
For example, if the bias resistor Rl 
becomes open-circuit, clearly there is no 
base drive, hence no collector current 
and no volt drop across either R3 or R4. 
Thus, the collector and emitter potentials 
measure as +9V and OV respectively. On 
the other hand, R2 becoming open-circuit 
means that there will be too much base 
drive, the transistor will saturate and the 
collector and emitter potentials are very 
similar. The only component failure in this 
stage that doesn't cause any change in 
the dc. levels is where Cl becomes 
open-circuit. What this does is to intro- 
duce a substantial amount of negative 
feedback which will reduce the gain of 
the stage. When a loss of gain occurs 
without distortion it is worth checking the 
emitter bypass capacitor by bridging it 
with a similar type; restoration of normal 
gain indicates a faulty capacitor. 

The evidence of a fault in an ampli- 
fier is usually a change in the ‘signal’, e.g. 
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Figure 3. Effects of common amplifier faults 


complete loss, gross distortion, reduced 
gain without distortion, etc. But the 
method used to identify the faulty 
component is usually a DC one, by 
measuring the DC potentials and deduc- 
ing exactly why they are wrong. 

Among the questions that may arise 
in this sort of work is how to deal with 
integrated circuits, essentially a single 
component though a very complex one. 
The best way is to regard the IC as a 
sub-system and test it as such. That is, 
check d.c. supplies to the chip, check 
signal (or logic) levels at pins. If an 
incorrect level is found the possibilities 
are either an internal chip fault or a fault 
in, say, a discrete component connected 
to that pin. Check the discrete compo- 
nents first, then the IC by substitution. 
The latter can be a nuisance if soldered 
straight into the PCB. A desoldering tool 
will be needed to free the pins. It may be 
a good idea to solder an IC socket into 
the board and plug the substitute IC into 
this. It makes life easier if there is a 
recurrence of the failure. Remember the 
advice given in Part 4 of this series when 
measuring voltages on IC pins. Measure 
directly on the pins not the PCB tracks; 
this eliminates breaks in the latter. 


Some Practical 
Examples 


The serviceman should develop a 
logical approach from the start and re- 
cord everything he finds for future refer- 
ence. Ability is acquired by experience 
provided that one learns from it. There is 
no ‘magic formula’ for finding a fault; just 
a general approach to the task. It is worth 








looking at several quite different circuits 
to see the effects of faults on them. Apart 
from anything else, it will be a useful 
intellectual (but still practical) exercise. 


Audio Power Amplifier 

In keeping with what was said ear- 
lier about knowing how the circuit work- 
ed, we start with a brief description of the 
circuit shown in Figure 4. Transistors 
Q3/Q4 form a complementary/symmetry 
pair driving the 8 ohms load through 
capacitor C6. Q2 is the driver transistor 
with collector load R9. RV1/R8 are used to 
eliminate cross-over distortion. Q1 is the 
pre-amplifier with base-bias provided by 
the chain R1/R2/R3. The amplifier is d.c. 
coupled with a d.c. negative feedback 
loop completed by R4. An a.c. negative 
feedback loop is completed through the 
same resistor and C3, the amount of 
N.F.B. being determined by the relative 
values of R2 and R3; but the NFB. 
increases at h.f. due to C4. The collector 
load of Q1 is RS. R7 and C2 provide 
supply decoupling, Cl is the input d.c. 
blocking/signal coupling capacitor of 
course and R6 and CS are the usual 
emitter components for Q2. So now for 
some faults, with solutions later. 

(a) The amplifier is unstable and oscill- 
ates continuously; clearly the gain is 
far too high. 

(b) The gain is only about half what it 
should be; but there is no distortion 
and d.c. conditions are correct. 

(c) There is no output signal at all; 
however measurements with a 
multimeter show that all dic. 
potentials are normal. 

(d) There is no output signal and d.c. 


measurement of the mid-point volt- | 


age shows that it is at +9V (ie. 
supply voltage). 

(e) There is a distorted output and d.c. 
measurement of the mid-point volt- 
age shows that it is at +1.7V only. 


TTL Pulse Generator 

This is a simple variable frequency, 
variable pulse width generator, which is 
shown in somewhat simplified form in 
Figure 5. It works as follows: 

Assume that the output of G3 is at this 
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Figure 4.4 typical audio-frequency power amplifier 
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instant logic 1. Then the output of Gl is 
logic 0 and the output of G2 is logic 1. The 
R1/C1 combination between G2 input and 
output controls the frequency of the 
pulses and current now flows in this 
series path. After a time determined by 
the values of Rl and Cl this charging 
current is almost zero and the input to G3 
is then at logic 1. Its output must then 
swing to logic 0 causing G1 output to go 
to logic 1 and G2 output to logic 0; in other 
words a reversal of potentials around the 
loop and a reverse charging current 
through Cl. At the end of this charging 
time the input to G3 has returned to logic 
0 and its output to logic 1, thus completing 
one whole cycle. 

After this a short zero-going pulse is 
produced once a cycle by G4 and its 
input time-constant R2/C2, and this trig- 
gers the 74121 monostable to give an 
output pulse of defined width. The R3/C3 
combination, selected by switching de- 
termines this width. The monostable 
gives two complementary outputs at pins 
1 and 6, the ‘normal’ output being on the 
latter. As with most generator circuits, a 
fault often ‘kills’ the oscillation, so that the 
symptom tends to be the same for a 
variety of faults, i.e. no output. Thus the 
symptom may give no real clue and other 
indications must be looked for. An 
obvious first question for any multi-range 
instrument is ‘has it failed on all ranges?’, 
because a failure on one range only, will 
pin-point the faulty component straight- 
away in most cases. But assuming that all 
ranges are equally affected, it is necess- 
ary to work through stage by stage, look- 
ing for anomalies. This time the faults are 
presented in tabular form (see Table 1). 

Only a logic probe was used initially 
to establish the logic levels. This can be 
followed by the logic pulser and substitu- 
tion checks. 


SCR Power Control 
In Figure 6, SCRI1 is the main SCR 
which controls conduction in the load. 
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Figure 6. SCR power control circuit 

Conduction is initiated by switching on 
Q1 with an input pulse. With SCR1 off, 
SCR2 is normally on so that its anode 
voltage is very low. Consequently Cl 
charges to a potential V, the right-hand 
plate being negative. Also the low anode 
potential of SCR2 disables the UJT relaxa- 
tion oscillator. When SCR] is triggered on 
by a pulse, its anode potential drops to a 
very low value and the voltage on Cl 
reverse-biases SCR2 switching it off and 
allowing the UJT oscillator to mn. The 
polarity of the voltage on Cl now re- 
verses so that, when the UJT fires SCR2 
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Figure 5. A TTL pulse generator 
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| Fault Symptom Gl G2 


| (a) 1 0 
(b) No Output 1 0 
(c) pulsing pulsing 


Table 1. Logic Levels At Gate Outputs 


into conduction, C's left-hand plate has a 
negative potential and this reverse-biases 
SCR1 so turning it off. The time delay 
between SCR1 being triggered on and 
then tuming off automatically is deter- 
mined by the time constant R6/C2. 

There are several faults possible on 
such a circuit which will result in under or 
over-controlling the load power. For 
example: 


(a) Load is energised continuously, 
even with no ‘on’ pulse. 

(b) Load is energised correctly but fails 
to turn off. 

(c) Load fails to turn on. 


Each of these can be caused by a number 
of different component failures. 


Discussion of the Faults 


Perhaps in reading through the fore- 
going you may have formed some con- 
clusions as to what could cause the 
symptoms on these three representative 
circuits. If so, now is the time to compare 
notes and see how our detective work 
agrees. 


Audio Power Amplifier 

(a) If the amplifier is unstable, the 
N.F.B. loop is almost certainly open. 
The loop is closed by three compo- 
nents: R4, C3 and R2. Both resistors, 
if open circuit, would also affect the 
d.c. conditions. This is not the case; 
therefore C3 is the logical choice. 

(b) The faulty component is almost cer- 


G3 G4 
1 
l 
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pulsing 








~ Timing 
ipulse shaper 
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| Outputs 
| 
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74121 (pin 6) ] 
0 
0 
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tainly C5 (open-circuit). As ment- 
ioned before, this invariably is the 
fault when there is loss of gain with- 
out distortion. 

(c) In a d.c. coupled amplifier most 
component faults cause a change in 
d.c. conditions. When there is 
complete loss of signal and the d.c. 
conditions are correct, look for an 
open-circuit component in series 
with the signal, e.g. Cl, C6, load 
connections. 

(d) In this case the lack of output signal 
is caused by the output (mid-point) 
being firmly held at supply voltage. 
Therefore the fault is a d.c. one and 
there are several possibilities, but 
one of two conditions must be true: 
either Q3 is short circuit or conduct- 
ing hard. If the latter is true, then 
the collector potential of Q2 must 
be high, i.e. Q2 is at or near cut-off. 
Check bias condition on Q2. Is base 
lead open? Is there a base-emitter 
short?... ete. 

(e) This is the opposite situation in 
which the mid-point is very low in 
potential, but not low enough for Q4 
to be short-circuit. Note therefore, 
Q4 must be conducting heavily, 
which means either Q2 is short- 
circuit or conducting hard. The 
conduction of Q2 depends upon that 
of Q1 (one of the complications of 
d.c. coupled amplifiers!). For ex- 
ample, R1 might be open-circuit, Cl 
might be short-circuit. Further poss- 
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ibilities are that R7 is open-circuit or 
C2 is short-circuit, since these faults 
would deprive Q] base of the return 
path to +9V (remember that this is a 
PNP transistor). 


TTL Pulse Generator 

(a) Obviously the pulse rate generator 
is not oscillating. Each NAND inver- 
ter is actually inverting its input 
level. Suspect the feedback path 
RI/Cl. OK? Time for the logic 
pulser. The most obvious point to 
try is pin 13 of G1. Since pin 12 is at 
logic 1 then, if pin 13 is pulsed to 
logic 1 also, a probe on pin 11 (Gl 
output) will momentarily show logic 
0. If not, suspect and check short to 
OV (internal or external to chip) 
from pin 13. 

(b) What is immediately obvious about 
the logic levels with this fault is that 
for both gates G2 and G3 the output 
is not being inverted by G3 (G3 
faulty) or it is not reaching G3 (Rl 


open). Both of these can be readily 
checked. 

(c) In this case the logic probe shows 
that the pulse rate generator is runn- 
ing. Therefore, either the mono- 
stable is faulty or it is not receiving 
its drive. It is a series chain so look 
for a break. The pulse is present up 
to the output of G3 then disappears. 
Try bridging C2 with a similar 
capacitor; otherwise check for track 
breaks, G3 to C2; C2 to G4. 


SCR Power Control 

(a) There is really not a lot of choice 
here. SCR1 is independent of the 
‘or’ pulse to QI. In other words, it is 
already getting its drive (Q1 coll- 
ector-emitter short-circuit) or SCR1 
is actually shorted. Remove each in 
turn and check. 

(b) There are more possibilities here. 
Is Cl open? Check by bridging. Is 
SCR2 on or off? Check with dic. 
voltmeter. Is UJT running? A dic. 


ELECTRONIC CHRONICLES Continued from page 38. 


succeeded in obtaining a patent, the first 
in the history of radio. The following year 
he sent signals twelve miles and then 
eighteen miles to a warship out at sea. By 
this time he was just beginning to make 
the system a commercial proposition, and 
Lord Kelvin sent a Marconigram to his old 
colleague Stokes. In 1900 he obtained a 
key patent, (number 7777) and then in 
1901 he was set to make his historic 
transmission. Despite the fact that radio 
waves, like light waves, travel in straight 
lines, Marconi was sure that they would 
follow the curvature of the Earth. Thus he 
set about to transmit across the Atlantic, 
which he achieved on December 12th 
1901, from Poldhu in Comwall to New- 
foundland. It was left to others to explain 
why this apparently impossible feat had 
worked, due of course to the reflecting 
layers in the ionosphere. Also, these 
transmissions were only in Morse Code, 
and it was some time before the techni- 
ques of radio communication had been 
developed to a sufficient standard for 
broadcasting. 

In 1909 he shared the Nobel Prize for 
Physics with a German by the name of 
Braun, whom we shall encounter again 
later. The Italians eventually recognised 
his contribution to science, and bestowed 
the title of ‘Marchese’ on him in 1929. He 
died in 1937, in Rome, and was given a 
state funeral by the Italian government. 


RADIO 


From this point on the number of 
people involved in the development of 
the wide variety of inventions and dis- 
coveries related to electronics becomes 
almost too many to mention individually. 
Pretty well any piece of present day 
equipment is the result of combined 
efforts over many years by a veritable 
army of unsung heroes, each contributing 
some small piece to the final picture. To 
complete this article we shall end by 
looking at the way in which one invention, 
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Radio, has been developed. 

Marconi’s first efforts around the tum 
of the century were just the beginning of 
this multi-million pound industry. The 
spark-gap transmitter used was simple, 
but yet surprisingly effective. More im- 
portantly, the receivers were very crude, 
since as yet the idea of tuned transmis- 
sion had not been thought of, nor become 
necessary. The sensitivity of the receiver 
was crucial to the overall performance of 
the system, since no form of amplification 
was yet available. Many forms of 
‘dectector’ were tried, and most of these 
owed more to rule of thumb ‘hit-or-miss’ 
methods than to a scientific understand- 
ing of the problem. Early forms of detec- 
tor were the coherer, mentioned earlier, 
and also the ‘cats whisker’. It had been 
shown by Braun, also mentioned above, 
in 1874 that some naturally occurring 
crystals allowed a current to flow more 
easily in one direction than another. Such 
a set up can convert the AC of the 
receiver signal into a more easily detect- 
able DC. 

One of the next improvements came 
about as the result of one of Edison's 
observations, that of the so-called Edison 
effect. It was the English scientist 
Ambrose Fleming who further examined 
the nature of this effect, and realised that 
it was due to the newly discovered 
electrons boiling off the hot filament and 
being attracted to the plate or anode. He 
called it a valve, since it alowed current 
to flow only in one direction, so that like 
the crystal rectifier an alternating current 
produced a direct current output. 

The next step along the way came in 
1906, when the American, Lee De Forest, 
investigated the effect of inserting a third 
electrode between the anode and 
cathode. This produced a device where- 
by a weak signal applied to this elec- 
trode, called the grid, could control the 
passage of electrons between anode and 
cathode. The net result was the first 
amplifying device, and from here on all 





voltmeter across C2 should show a 
rising voltage. These checks lead to 
other checks, as in all good detect- 
ive work. 

(c) This implies lack of drive to the gate 
of SCRI. Check wiring from input 
point (‘on’ pulse) to SCRI gate. 
Then, is there an internal open 
circuit in Q1? Try a ‘croc-clip link’ 
from top of Rl to +V. Does SCR1 
come on now? If yes, replace Q1; if 
no, check Rl. 


The above circuits are only three of 
many that could have been chosen to 
illustrate these discussions. Hopefully, 
they are sufficiently different to have had 
the most value. What they should have 
shown are the mental processes and test 
techniques involved in tracking down 
faults in modern electronic equipment. 

In the next and final part of this 
series, we shall examine the ways in 
which we can measure the performance 
of electronic equipment in the laboratory. 


manner of possibilities opened up. Hertz 
had shown some twenty years earlier that 
the discharge from a capacitor was of an 
oscillatory nature, and the triode valve of 
De Forest could now be used to sustain 
these oscillations to produce a signal with 
a fixed frequency. However, the signals 
sent by such means were still restricted 
to the dots and dashes of the Morse 
Code, produced by interrupting the 
carrier wave. It was a Canadiar/Americ- 
an physicist called Fessenden who devis- 
ed the idea of ‘modulating’ the carrier 
wave so that normal speech and music 
could be transmitted. Fessenden has 
been overshadowed by his erstwhile 
employer, Edison, but he may be rated 
only second to him in the number of 
inventions he patented during his life- 
time. 
Another aspect of modem radic 
communication which is now taken for 
granted is the use of an antenna. In the 
early days it was not apparent that sucha 
device would have any effect, even 
though it may only have been a long 
piece of wire. The credit goes to a 
Russian, Popov, experimenting with radio 
equipment at about the same time as 
Marconi, who was the first to use an 
antenna in sending signals from shore to 
the Russian Navy three miles out at sea. 
For this reason, the Russians claim it was 
Popov and not Marconi who should be 
credited with the invention of wireless 
communication. 

During the intervening years further 
improvements were made, from better 
valves with more electrodes like the 
tetrode and pentode. In 1947 the wheel 
came virtually full circle with the advent 
of the transistor. This device relies upon 
the electrical features of certain crystals 
originally investigated by Braun, but now 
with much enhanced properties. Next 
time we shall trace the development of 
another modern miracle of electrical 
technology, television, and the people 
who have made it the success it is today. 
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CONTROL SYSTEM 


* 27MHz Operation For Ground-Based Model Control 
* Two Positive Pulse PWM Channels 
* Two Digital On/Off Channels 


Since 1981 and the legalising of 
Citizens Band Radio on 27MHz, the 
licensing requirement for model radio 
control is no longer operative. However, 
certain conditions apply to both users of 
this band, and for RC modellers this 
means that signal transmissions must be 
within the frequency range 26.96MHz to 
27.28MHz at a maximum mean power of 
1.5W. Higher frequencies on this band 
are used for CB transmissions. The 
35MHz band (35.005 to 35.205) is also 
available for radio control, but for use 
with model aircraft only -— not ground- 
based models, and the 458MHz band 
would be complex for constructors to set 
up and align. Therefore a 27MHz system 
is used with limited power output and 
receiver sensitivity to avoid interference 
both to and from other users on the band. 


Transmitter 


The simple transmitter design of 
Figure 1, centres on IC] which basically 
consists of three sections namely: frame 
and pulse timing; logic encoding and 
modulation; RF and output stage. 
Although capable of six channel opera- 
tion the design utilises two channels (1 
and 2) for pulse width modulation (PWM) 
and four channels for encoded digital 
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(orvoff) information. A train of six pulses 
(Figure 3) is generated every 20ms (50Hz) 
from the frame timer, C5 and R4 and 4.6V 
reference supply at IC] pin 4. C5 is 
allowed to alternately charge and dis- 
charge by an internal comparator switch 
to generate the 20ms frame which starts 
the pulse timer C6 and R1 at IC1 pin 8. 

The internal encoder provides six 
discharge paths for C6 at IC1 pins 18, 17, 
16, 1, 2, and 3 — R2 providing a fixed time 
constant for channels 3 to 6 (pins 1 and 16 
to 18) and RV] and RV2 variable time 
constant for channels 3 to 6 (pins 1 and 16 
to 18) and VR1 and VR2 variable time 
constants for channels | and 2. The serial 
pulse output from the encoder appears at 
pin 12 where C8 modulation filter 
capacitor is added to improve the 
transmitted carrier bandwidth This is 
desirable where adjacent carrier chan- 
nels are 10 to 15kHz apart instead of the 
more usual 50kHz separation. From IC] 
pin 13, an internal emitter follower 
buffers the pin 12 modulation signal and 
supplies the collector of an internal NPN 
transistor at pin 11. IC] pin 10 is the base 
connection for this transistor and drive 
current is supplied by R5. X1 is a third 
overtone crystal connected between 
base pin 10 and tuned circuit C10, Cll, 
and Ll primary. 
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Figure 2. Track layout and overlay of Transmitter PCB 


When the modulation output is high 
(+3.8V) at pin 13, the collector pin 11 and 
tuned circuit are pulled up into the active 
range of the internal transistor. RF 
feedback is via the crystal and pin 10, 
causing the tuned circuit to resonate at 
the desired frequency. Because third 
overtone crystals are used in this 
application a tuned collector load must 
be used to guarantee operation at the 
correct frequency. Tuning L1 by moving 
its dust core in and out of the former has 
very little effect on oscillator frequency, 
but does vary the angle of conduction and 
hence oscillator efficiency and harmonic 
suppression. 

C3 and L1 secondary are also tuned 
to 27MHz and dust core adjustment 
determines coupling between both coils. 
For precise PWM detection it is neces- 
sary to produce a high orvoff ratio when 
modulating the carrier. When modulation 
from pin 13 is low, crystal X1 continues to 
oscillate for some 500s due to the high Q 
characteristics of the circuit. This ‘ring- 
ing-on’ would reduce the carrier modula- 
tion depth and C7 damps the crystal 
during this time; short carrier off times 
also help overcome this problem, but 
require X1 to be isolated from the aerial 
circuit, hence the split tuning capacitors 
C10 and Cll. L2 further low-pass filters 
the transmitted carrier, thus reducing 
upper harmonic content and doubles as a 
base loading coil for the aerial. 
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Aerials 


When calculating wavelength for 
27MHz, the optimum aerial length is 
approximately 17ft. — hardly practical for 
a hand-held portable transmitter! Aerials 
of half, quarter, or sixteenth wavelength 
are far more practical, these being some 
8Yeft., 4ft., and 2ft. in length, but do not 
radiate as efficiently. A dipole system 
could be used, where a telescopic aerial 
is connected to L2 and an equal length of 
wire connected to OV is left to hang 
towards ground. The aerial’s capacitance 
would change as the wire is moved and 
transmissions become irregular so either 
centre or base loading of the aerial 
becomes desirable. Centre loading re- 
quires a telescopic aerial to be centrally 
cut and a coil inserted between both 
halves, whereas base loading, although 
not as efficient, does allow the impe- 
dance of the load at the feed point of the 
RF output stage to be adjusted, thus 
improving signal strength. With the 
output stage components as Figure l, 
distances of 50 to 100 yards are possible 
depending upon terrain or surroundings. 


Construction 


Refer to the overlay and Figure 6. Pin 
6 on the overlay is not used, as L2 fits over 
this position. Identify and insert resistors 
Rl to RS. Next insert capacitors Cl to C11. 
C1 is polarised and its + lead must align 
with the legend. C10 and Cl] are a little 
large and will require being offset 
slightly to facilitate fitting. Ensure these 
components are pushed down as close as 
possible to the PCB. Solder all leads and 
cut off excess wire ends. Insert the 
crystal holder and IC1. Pin 1 is im- 
mediately below the circular indentation 
close to one corner of the package. Insert 
Veropins 1 to § and 7 to 9 and solder 
these and all remaining components. 
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Figure 4. Winding details for coil L1 
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Good, accurate soldering is required if 
problems are to be avoided and cleaning 
the back face with thinners will help 


| when inspecting the work. 


Coil Winding (L1) 


Both L] and L2 have to be wound by 
hand. Although this may appear a 
daunting task, it is really not that difficult. 
For L] you will need 1 metre (3ft.) of 
30swg enamelled copper wire, a 7mm 
former and dust core and a tube of fast 
drying glue such as_ cyanoacrylate. 
Before construction examine Figure 4 to 
familiarise yourself with the tums re- 
quirements. 

Pnmary winding A is begun at the 
base and fourteen complete tums wound 
up the tube. It does not matter which 
direction is chosen to wind the coil as 


| long as both primary and secondary turns 


are in the same direction. It may be 
helpful to use the former's base mounting 
holes as wire anchor points when starting 
and finishing the coil as this will prevent 
the wire from unwinding until firmly 
glued. Once you have wound the primary 
coil, compress the windings together as 
shown and take up any slack by pulling 
the loose ends tight. 

Apply a small amount of glue to the 
beginning and end of the coil and leave 
to harden. The finish wire from Ll 
primary is also the start for L] secondary 
and allowance must be made for conn- 
ecting it to to point B on the PCB by 
looping the wire out a few inches. Cont- 
inue winding up the tube in the same 
direction as before for two complete 
turns. There should now be two single 
wire ends (A & C) and a double wire (B) 
extending from the coil. Again, apply 
spots of glue to both start and end wind- 
ings of L] secondary and leave to harden. 


Coil Winding (L2) 


For L2 you will need 1 metre (3ft.) of 
24swg enamelled copper wire and a 
Imm former with dust core. Winding 
procedure is similar to L] except that a 
single coil of 12 tums is wound up the 
tube starting 2mm from the base as 
shown in Figure 5. Because this wire is 
thicker, it will be necessary to remove 
any kinks by gently stretching the length 
before winding, else the coil will be 
difficult to compress neatly. The 2mm 
gap is not critical and the coil could be 
wound centrally along the tube if desired. 
A small allowance should be made 
though for tuning purposes. Glue the start 
and end windings as before and leave to 
harden. 
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Figure 5. Winding details for coil L2 


Mounting LI & L2 


Space is rather limited on the PCB, 
therefore both coils are mounted diago- 
nally inwards from the right-hand corners 
as shown in Figure 6. Apply glue to each 
former base and stick the assembly in 
position.When mounting Ll, be careful 
not to cover holes A and C and for L2 
keep hole D clear. Leave both to harden 
before inserting the dust cores in case 
excess glue jams the threads. Insert a 
wire nearest to the base of L2 into hole D, 
then scrape off the enamel coating and tin 
with a soldering iron before soldering to 
the pad. On LI, insert the centre double 
wire into hole B, the primary start wire 
nearest the former base into hole A and 
the secondary finish, or topmost wire, 
into hole C. Each wire length from coil to 
terminating point should be kept short 


Battery 
+V16-9V) 









470k 
Potentiometers 


PWM Channels 


and direct otherwise tuning may be 
affected. When soldering these connec- 
tions, heat the wire close to its pad and 
apply solder. The enamel will melt 
allowing contact with the copper to be 
made, then solder in place. Finally 
remove excess wire ends and fit crystal 
Xl. 


Choice of Crystal 

Table 1 lists six available channel 
frequencies. These crystals come as 
Tx/Rx (Transmit/Receive) pairs and the 
frequency is stamped on the body of 
each one. Choose the channel to be used 
and insert a crystal marked with the 
higher frequency into the socket on the 
transmitter PCB. The lower frequency fits 
into the receiver which is explained later. 


Transmit Receive 
Channel frequency frequency Code 
Brown 26.995MHz 26.540MHz HX30H 
Red 27.045MHz 26.590MHz HX3lJ 
Orange 27.095MHz 26.640MHz HX32K 
Yellow 27.145MHz 26.690MHz HX33L 
Green 27.195MHz 26.740MHz HX34M 
Blue 27.245MHz 26.790MHz HX35Q 


455kHz IF and 50kHz channel spacing. 


Table 1. Radio control matched crystal pairs. 


Notes on Assembly 


A close inspection of all compo- 
nents, assemblies and solder joints is 
worthwhile before applying power to the 
project. Ensure all components are fitted 
as closely to the PCB as possible and all 
leads are correctly soldered. Check for 
short circuits across the tracks and clean 
off any flux that may have accumulated. 
Many projects fail due to poor assembly 
detail and bad soldering, so be fastidious 
at this stage if problems are to be 
avoided! 


Lightly glue 
L1 base to Pcb 
f 







Lightly glue 
L2 base to 





Pcb 
ronron! Sa) SPIRSnG 
Channets 
$1,2 push [>=—~o 
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Figure 6. Wiring to Transmitter PCB 













Wavemeter 


Unfortunately, accurate adjustment 
of simple transmitters such as this does 
require test equipment other than a 
multimeter. A dedicated wavemeter, or 
grid dip meter that can be used as a 
wavemeter, is required for peaking Ll 
and L2. These items can be costly if not 
readily available so a simple circuit is 
given in Figure 7. If intending to build this 
circuit, it should be pointed out that no 
PCB is available and construction is a 
matter of choice. Figure 7B shows the 
prototype layout which was built on 0. lin. 
matrix Verostrip board. All components 
should be kept in close proximity with 
each other and the aerial soldered 
upright at its base. The coil is close 
wound on a 7mm former using 24swg 
enamelled wire (similar to L2, but without 
a dust core fitted). Make a small loop on 
top of the 18swg aerial wire and solder its 
base to the junction of Ll, Cl and the 
diode. The circuit resonates at 27MHz 
and the meter indicates when a signal is 
being transmitted, but is not calibrated 
for field strength, and can only be used as 
a guide to maximum efficiency. 







14cm 

Aerial 
18SWG 

Ec 


50uA 
16 Turns 
24SWG pee! 
EC close 
wound on 
@7mm 
Former 


= wate (Sons __ J 
Figure 7A. Circuit diagram of a simple 
Wavemeter 


ceramic 
27pF 





Figure 7B. Wiring diagram of simple 
Wavemeter 
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Testing the Transmitter 


Connect RV1 between pins 1 and 3, 
and RV2 between pins 2 and 4 on the 
transmitter PCB (Figure 6). Connect the 
pot wiper to one of the resistance ends as 
shown in each case so that when turned 
its value is varied from 02 to 470k. S1 
and S82, if used,are wired between OV (pin 
7) and pin 8 or 9 as shown. These 
switches should be push-to-make and 
either latching or momentary action to 
suit requirements. Table 2 gives the result 
of §1/2 operation and approximate values 
for RV1/2. Current consumption of the 
transmitter is 10-15mA at 9V so a PP3 
could be used for short periods. For 
preference use 6 AA size ni-cads (see 
Parts List) and a PP3 clip. 

Connect the battery negative (black 
lead) to pin 7 and a multimeter between 
battery positive (red lead) and pin 5. The 
remaining wire end from coil L2 should 
be cut off allowing three inches extend- 
ing from the coil. Place the pick-up from 
a wavemeter close to L2 or twist two tums 
of L2 round the aerial wire if using the 
Figure 7 circuit. Apply power and 
monitor the current on the multimeter set 


Aerial 






to read milliamps. Screw down the dust 
core of L1 in a clockwise direction and 
check the wavemeter reading which 
should gradually increase to a maximum 
field strength and minimum current 
which will be around 13mA. The Figure 7 
meter should read close to half scale 
(10-30). Screw L2 core clockwise down 
into the former and the wavemeter 
reading should gradually increase then 
decrease. Finally readjust both L1 and L2 
for maximum field strength and minimum 
current readings. As a guide, the pro- 
totype unit peaked at 12.98mA with 9V 
supply and a reading of 35 on the Figure 7 
wavemeter. These figures will of course 
vary between different transmitters, but 
give an idea of what to expect. 

If the current reading does not 
change when tuning and the wavemeter 
gives no indication, recheck RV] and 
RV2 connections again as modulation 
stops if these connections are missing. 
No constant RF carrier is developed; it is 
only there when modulation is present. 
Check that crystal X1 is fitted correctly 
into its socket and L] has been wired up 
correctly to the appropriate terminals. No 


Y ——S——— 
1 






Figure 8. 27MHz Receiver circuit diagram 
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current or excessively high current 
readings could indicate anything from flat 
batteries to faulty meter leads or more 
serious PCB faults and further assistance 
must be sought. For constructors with 
oscilloscopes, connect a high impedance 
probe - preferably below 10pF capaci- 
tance to the aerial wire from L2 or winda 
few tums of insulated wire around L2 
connecting one end to OV and the other to 
the probe. A waveform similar to Figure 3 
(without the lms channel 3 and 4 pulses) 
should be displayed. If the scope 
bandwidth is low then you will only see 
the modulation present from IC] pin 13. 


Receiver 

Figure 8, the circuit diagram, shows 
the receiver and external connections. 
Transmitted 27MHz signals are picked up 
by the aerial and coupled to the mixer via 
tank coil T2. This coil effectively keeps 
strong out-of-band signals like TV and 
FM broadcasts from cross-modulating 
with the required signal. A local oscillator 
consisting of Tl and X2 connects via IC] 
pins 1 and 2 to the internal mixer section 
where the local oscillator and aerial 
signals are mixed at T3 primary (pin 18). 
The stepped down signal appears on IC] 
pin 17 which is the intermediate frequen- 
cy (IF) input. IF tuning is performed by 
T4. In the case of using ‘blue band’ 
crystals for example, the transmitter 
frequency will be 27.245MHz and the 
receiver local oscillator will run at 
26.790MHz. When these two signals are 
present at the mixer, a difference signal 
is produced, in this case 27.245 — 
26.790MHz = 455kHz. This is true for all 
crystal pairs which is why matching is 
important. The 455kHz signal or IF (since 
it is intermediate between the input RF 
frequency and the desired audio fre- 
quency) is recognised by a tuned 
bandpass filter T4, which only responds 
to frequencies in the range 455kHz 
+3.2kHz (3dB). Sum and difference 
signals above 460kHz and below 450kHz 
are not amplified and become ineffective. 
This is basically how superheterodyne 
receivers, of which this is an example, 
function. 

Pulsing the transmitted carrier on 
and off at set intervals will result in the IF 
producing a DC pulse related to this 
carrier modulation from an_ internal- 
detector within IC]. The detected signal 
is compared with an internal voltage 
reference so that whenever the peak IF 
exceeds 25mV, a comparator resets the 
internal digital envelope circuitry. This 
threshold level can vary according to the 
distance between the transmitter and 
receiver, which can result in high IF 
signal levels being developed. To mini- 
muse this, automatic gain control (AGC) is 
used to regulate the peak carrier level to 
100mV by comparing it with an internal 
100mV reference. An error signal is then 
produced which determines the gain of 
the IF amplifier at C5 pin 16. Digital 
outputs pins 2, 3, 5 and 6 are decoded and 
generated within IC]. Both pin 2 (channel 
3) and pin 3 (channel 4) are normally high 
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or positive and active low, so that a 
negative pulse is produced whenever Sl 
or S2 are operated at the transmitter end. 
See Table 2. Pin § (channel 1), controlled 
by RV1 (pins 1 and 3) on the transmitter, 
develops a positive pulse output, whose 
width is 0.3ms to 2.0ms, every 20ms. 
Similarly, pin 6 (channel 2) is controlled 
by RV2 (pins 2 and 4) with the same 
duration positive pulse variation. Both 
channels are independent of one another 


Transmit Receive 
RV] or RV2resistance Pin 5or 6 pulse width 
on 0.3ms 
50kN 0.5ms 
200kN 1.0ms 
330kN, 1.5ms 
480kN 2.0ms 
Sl open Pin 2 high (+V) 
S1 closed Pin 2 low (0V) 
S2 open Pin 3 high (+V) 
S2 closed Pin 3 low (0V) 


Frame rate = 20ms 
Repetition frequency = 50Hz 


Table 2. Transmit-to-receive characteristics 


and do not affect operation of channels 3 
and 4 (see Table 3). 


Construction 


Identify and fit the three resistors R1 
to R3. Insert IC] and solder all leads onto 
their pads. Cut off excess wires and fit 
C2, 3, 8 and 10 followed by the remaining 
Capacitors. C7 and 9 are both polarised 
and their positive leads must align with 
the PCB legend. Fit crystal socket for X2 
and Veropins 1 to 7. Again solder all 
components and remove excess wire 
ends. Correctly identify Tl to T4. 
Identification codes appearing in the 
Parts List are printed on the side of the 
metal cans. These components can only 
be fitted one way round, but some may 
have extra wide screen terminals con- 
nected to the metal can. If so it will be 
necessary to trim a small amount from the 
width with a pair of cutters. Carefully 
solder the 20 coil terminals and 8 screen 
terminals onto the PCB. As mentioned in 
the transmitter construction, clean and 
inspect the back face of the PCB carefully 
before proceeding. 


Figure 9. Track layout and overlay of Receiver PCB 


Transmitter Receiver 


RV1 - Pins 1 and 3 
RV2 - Pins 2 and 4 


Sl - Pin 9 and 0V 
S2 - Pin 8 and 0V 


Table 3. Pin connections and channel functions 


Description 
PinS Channel 1 PWM O/P 
Pin6 Channel 2 PWM O/P 


Pin 2 Channel3 Digital O/P Active low operation, TTL com- 
Pin 3 Channel 4 Digital O/P patible. Drives loads above 22k. 


Uses 


Drives servo’s, speed 
controllers and yacht winches. 
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Testing the 
Whole System 

It is likely that you will wish to use 
the transmitter as a hand-held device and 
operate a model of some kind. Therefore 
a suitable case is required in which to 
mount the transmitter PCB, batteries, 
pot's and switches. Although it is a matter 
of taste, it is suggested that a small plastic 
box be used, large enough to accommo- 
date the hardware and small enough to 
hold comfortably. A static system could 
best employ a metal box for better 
ground plane effect and hence possible 
increased range, especially with a larger 
transmitting aerial (see Aerials section). 
Whatever system is employed, re-tuning 
of Li and L2 will have to be done after 
boxing up as tuning will be altered 
according to the proximity of additional 
components and your hand. Repeat the 
transmitter setting up procedure as 
before for optimum results. Leave the 
transmitter operating at a level of three to 
four feet above ground. Hold the working 
receiver with aerial attached and battery 


pack in one hand and move away from 
the transmitter. The earpiece buzz will 
most certainly stop after a while. Go back 
to the last working position and adjust T2 
for maximum volume. Adjust Tl if 
necessary and continue moving away 
from the transmitter. Now T3 and T4 can 
be peaked for maximum. You will find 
that as the distance is increased, tuning 
becomes sharper and slug variations 
become smaller. In this way the optimum 
can be found for both transmitter and 
receiver. 


e 
Using the System 

PWM output signals from either pins 
5 or 6 (Rx PCB) will operate our servo and 
speed control projects for model boat 
and car applications. Because of the low 
power output from the transmitter, it is 
definitely not recommended that free- 
flying models be used as two or three 
pounds of balsa wood and aluminium 
hurtling out of the sky can be extremely 
dangerous! It is possible though for this 


PARTS LIST FOR 27MHiz TRANSMITTER 


RESISTORS: All 0.4W 1% Metal Film 


RI 56k 
R2 100k 
R36 4T™ 
R4 220k 
CAPACITORS 
Cl 4TpF 16V Tantalum 
C2 680pF Ceramic 
3.48 100nF Minidisc 
co 4n7F Ceramic 
CT 68pF Ceramic 
C8 10nF Polycarbonate 
cs 100pF Ceramic 
10,11 22pF Mica 
SEMICONDUCTORS 
1 LM1871 
MISCELLANEOUS 

Former 351 


project to be used with robotics models, 
with a microcomputer replacing S1, S2, 
RV1 and RV2 via a digital or Dto A 
interface. 


Testing the Receiver 


Insert the lower frequency crystal, 
from the selected pair, into the holder. 
Connect the PP3 clip with positive (red) 
to pin 7 and negative (black) to pin 4. 
Solder an M3 tag onto pin 1 and bolt a 
telescopic aenial to the lug with a 12mm 
M3 bolt. Aerials of 1 to 2 feet in length 
should be satisfactory for short distance 
use. 20swg wire could be used, but a 
telescopic aerial is easier to manage. 
With the recommended trimming tool, 
turn Tl and T2 tuning slugs until they are 
level with the can top plate. Screw Tl 
clockwise into the former for 2 full turns 
and T2 for 3 full turns. Carefully tun T3 
slug anticlockwise as far as it will go, and 
then turn it clockwise - down into the 
former — for 1% tums. Do the same to T4. 
These settings are approximate to begin 
with and readjustment will be necessary 


Dust Core Type 6 2 (LB42V) 
1 (MS&6K) Printed Circuit Board 1 (YQ69A) 
1 (M100K) Crystal Socket 25u 1 (HX60Q) 
2 (M47K) E.C. Wire 30swg lroll (BL40T) 
1 (M220K) E.C. Wire 24swg 1] roll (BL28F) 
Veropin 2141 lpkt (FL21X) 

1 (WWT76H) OPTIONAL 
1 (WXx66W) x1 MCR Crystal (see Table 1) 1 (HX30H - 
3 CYRT7SS) HX38Q) 
i (WX76H) Aerial 8-section 1 (RE48C) 
1 (WXS4]) Aeria! 6-section 1 (RK49D) 
1 (WW29G) PP3 Clip 1 (HF28F) 
1 (WX56L) Battery Holder 9V 1 (HQO1B) 
2 (WXO8SF) Battery AA Ni-Cad 6 (YGOOA) 
Trimming Too! TTS 1 (BRSOE) 
RV1,2 Pot Lin 470k 2 (FWO7H) 
l (YYTIN) $1,2 Push Switch 2 (FHS9P) 


A kit of above parts (excluding optional items) is available. 


PARTS LIST FOR 27MHz RECEIVER 


RESISTORS: All 0.4W 1% Metal Film 


RI 2200 

R2 100k 

R3 220. 

CAPACITORS 

C1,4,8 100nF Polycarbonate 

C2,3,8 10nF Ceramic 

cs 4InF Polycarbonate 

C79 33uF 10V Tantalum 

C10 InF Ceramic 

SEMICONDUCTORS 

Ic] LM1872 

MISCELLANEOUS 

71,2 Toko CSK3464 

73 Toko YRCS12374 
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Order As LK55K (27MHz Tx Kit) Price £9.95 


T4 Toko YMCS17104 1 (YG32K) 
1 (M220R) Printed Circuit Board 1 (YQ70M) 
1 (M100K) Crystal Socket 25u 1 (HX60Q) 
1 (M22R) Veropin 2141 1 pkt (FL21X) 
OPTIONAL 
3 (W410) x2 MCR Crystal (see Table 1) 1 (HXS3OH = 
8 (WXTT) HX36Q) 
1 (WW37S) Aerial 8-section 1 (RK48C) 
2 (WWT74R) Aeria! 6-section 1 (RE49D) 
1 (WX68Y) PP3 Clip 1 (HF28F) 
Battery Hoider 6V 1 (HF29G) 
Battery AA Ni-Cad 4 oe, 
Trimming Tool TTS 1 (BRS50E. 
: CONE) Crystal Earpiece 1 (LB28C) 
2 ecectiy A kit of above parts (except Optional items) is available. 
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later on. The coils perform the following 


functions: 


Tl Local oscillator coil 
T2 Aerial tank coil 

T3 Mixer coil 

T4 FF coil 


As with the transmitter, expensive 
test equipment is needed for accurate 
alignment of the receiver stages, though 
not really necessary. A small crystal 


earpiece can be used to monitor one of 
the PWM channels, where a low-pitched 


S0Hz buzz can be heard. Remove the 
3.5mm jack plug from the earpiece lead 
and solder one lead to OV (pin 4) and the 


CAPACITORS 
other to pin 5. Connect a multimeter set to Cl 27pF Ceramic 
read milliamps between pin 7 and the C2 100nF Minidisc 
battery positive lead and apply power. 

Current reading should be about 13mA. nae sa pc 


Place the transmitter 2 to 3 feet away from 
the receiver and with no transmitting 






CORRIGENDA 


Vol. 2 No. 5 

Modem. Some _ confusion 
exists over which is the transmit 
and which is the receive LED on 
the Modem. Transmit is data out 
from the computer or interface. 
This is monitored by the LED 
marked D11. This LED will be on 
when the computer is powered up 
and will flicker when the com- 
puter is transmitting. Incoming 
data from line is monitored by the 
LED marked D10. This LED will 
light when the Modem is receiving 
a low tone from the distant Modem 
and will flicker when data is 
received. 


Vol. 2 No. 8 

Spectrum RS232 Interface. 
New issue 3 boards are now 
available which incorporate the 
corrections shown is Vol. 3, No. 1}. 
However, two circles depicting 
irack pins have been omitted from 
the screen overlay of the PCB. 
Both pins lie in the gap between 
IC6 and IC7 and one should be 
inserted adjacent to pin 23 of IC6 
and the other is adjacent to pin 12 
of 1C7. Also note that resistor R11 
must be soldered on both sides of 
the board. 


Vol. 3 No. 9 

Infra-red Movement Detector. 
Please note that the relay (RLA) 
has a break action when the 
Detector is triggered and is norm- 
ally closed. Also moving RV1 
clockwise decreases sensitivity 
and moving it anti-clockwise in- 
creases sensitivity. When mount- 
ing IDR1 it is best to bend it over to 
touch on the case of IC] as this will 
ensure correct alignment with the 
reflector. 
Vol. 3 No. 11 

Mk II Noise Reduction Unit. 
Note that in figure 2, C5 should 
show the + side going to IC3a Pin 
35 

Cautious Ni-Cad Charger. 
Note that in figure 2, IC5 should be 
shown as an AND gate not a 
NAND gate. 
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ROOM THERMOSTAT YB20W 


(Page 140). This item has been 
changed for a replacement type, 
but the photograph still shows the 
old type. Description is correct. 
BLACK ANODISED KNOBS, 
HB39N & HB40T (Page 179). The 
photographs in the catalogue of 
these knobs have been incorrect 
for some time, but have managed 
to slip through the net yet again! 
The text is correct however. 
GRAPHIC EQUALISERS AF60Q, 
AF27E & AFS9P (Page 189). The 
slider controls fitted to these do 
have a multi-position click effect, 
but not a specific centre click-stop 
action as stated in the descriptions 
in the catalogue. 

GUITAR STRINGS LB60Q (page 
19]). The photograph shown 
should not include the packet of 
nylon strings, LB60Q is sold asa 
set of steel strings only. 
RECTANGULAR METERS 
RW98G - RX53H (Page 208). 

The photograph shown of a 
Rectangular Meter is incorrect. 
These meters actually look like 
the Large Meter on opposite page, 
with a black coloured bottom 
portion of the face. 

ETCH RESIST PEN HX02C (page 
214). This pen has been changed 
for an improved, easier to use 
type. The text is correct but the 
photograph is of the old pen, 
which little resembles the new 


type. 

FM RECIEVER MODULES’ 
INTERCONNECTION 
DIAGRAM (Page 234). The VHF 
tuner head shown in the diagram 
has been superceded by the 
replacement type EF5803 

(LW 44X), the construction and 
connection of which are different. 
Modification diagrams are inc- 
luded with each latest type tuner 
head EF5803. 





PARTS LIST FOR WAVE METER 





aerial fitted, switch that on as well. Ensure 
that RF energy is being developed with 
your wavemeter and listen to the ear- 
piece. If no buzz is heard, adjust T4 so 
that the slug screw slot faces along a line 
with pin 6 and pin 7 on the PCB. Turn T3 
slug to the same position. Slight adjust- 
ment of both may be necessary to find the 
correct operating areas. When this is 
done, remove the meter and reconnect 
battery positive to pin 7. 


1 (WX49D) MISCELLANEOUS 

1 (YR75S) Ml Hi-Z 50uA Meter 1 (FMS8G) 
Former 381 1 (LBITT) 
E.C. Wire 24swg 1 roll (BL28F) 

1 (QH71N) E.C. Wire l8swg lrol (BL28C) 


AMENDMENTS TO 
1985 CATALOGUE 





- 
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2N3819 QR36P (Page 297). This 
JuGFET device will henceforth be 
in a T092d case style, and nota 
TO106f package as before. 

HEX NON-INVERTING 3-STATE 
BUFFERS YH11M & UB78K 
(Page 307). The captions for the 
internal circuit and pin-out dia- 
grams are transposed with the the 
7407 & 7417 devices which are 
actually the 14 pin package. The 
74LS365 and 74HC365 devices are 
in the 16 pin package. 

OCTAL NON-INVERTING 
3-STATE BUFFER QQS56L, 
UB65V, UB66W (Page 308). In the 
case of the 74LS244, 74HC244 and 


























74HCT 244 devices, the output- 
enable control input pins 1G and 
2G are both active low, i.e. both 
internal control buffers should 
have inverting input symbols (like 
74LS240 inverter version etc), and 
not as shown. 


NESS55 TIMER IC QH66W (Page 
356). May be supplied asa 
MC1455PI, this is correct. The 
MC 1455 IC is a direct equivalent 
device and a pin for pin replace- 
ment for the NE555, having the 
same electrical characteristics. 
Negligible differences may show 
up in rare cases however. 


2716 EPROM QQ07H (Page 370). 
The 2716 does not have an access 
time of 250ns, but rather a min- 
imum of 350ns. For most applica- 
tions the 2716 can be taken as 
being compatible with CPU sys- 
tems requiring an access time of 
+450ns. 


200W 15 INCH BIG CAT XG53H 
(Page 391) The specifications 
table should read 200W cont- 
inuous mns, and not 100W mms as 
shown. 


LOW COST FREQUENCY 
COUNTER YK38R (Page 410). 
This portable, battery powered 
digital frequency meter has 
changed slightly. Specifications 
are: Input Impedance, 1M{/20pF; 
Bandwidth, 10Hz to 50MHz; Power 
Supply, 6 x AA batteries or 9V DC 
@ 100mA; Battery Low Indicator, 
flashing unit sign; Battery Life, 4 
hours; Dimensions, 111 x 36 x 
125mm; Weight, 500gms. Supplied 
with BNC terminated coaxial test 
lead, instruction manual and 
batteries. 

15W Line Transformer YX66W 
(Page 435). This item has been 
erroneously omitted from the 
catalogue, and is still available. 
Current price £3.35. 
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by Mike VandenBurg, 
Marketing Manager, 
MK Electric Limited. 


In the September-November 1983 
issue of Electronics, the Maplin Magazine 
we took a comprehensive look at rewir- 
ing your house. In this issue we consider 
the important — but much neglected -— 
matter of electrical safety. 

Electricity plays an important role in 
our lives. It is obvious how much we all 
depend on electricity when going about 
our respective jobs in the office, factory, 
workshop or on site. And electricity is 
probably the greatest home help we can 
have. 

Yet, most of us take the benefits of 
electricity for granted, perhaps not sur- 
prisingly when you consider how the 
home has become increasingly geared to 
maximum convenience. Just take a look 
round and see what a demanding user of 
electricity a home can be. 

It seems nobody need get their 
hands dirty in the kitchen with blenders, 
mixers, yoghurt makers, slow cookers, 
fast cookers and so on. In the living room 
there’s video and hi-fi equipment. And in 
the garden or shed there's a variety of 
electrically powered tools to make life 
easier. All of which means that the mains 
supply in your home is being subjected to 


heavier and heavier demands. 

Electricity is the silent ever present 
servant. Unlike gas and water obvious to 
the senses of sound, touch or smell, 
electricity gives little indication when 
something is wrong. There are many 
instances where damage can occur to 
either property or the individual without 
prior warning. Unless something goes 
wrong it is rare for the householder to 
consider the need for an examination to 
be made of his electrical circuitry. 

For the older property the electrical 
installation is most important. If the prop- 
erty hasn't been rewired in recent years 
using modem materials and accessories 
there is a very real risk of electric shocks, 
fire and damage. 


Alarming 


When you consider the alarming 
statistics concerning electrical accidents 
in the home then surely there is a need 
for more careful thought to this important 
subject. 

We often say that something is ‘as 
safe as houses’ but when you realise 
according to RoSPA (The Royal Society 
for the Prevention of Accidents) nearly 40 
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per cent of all accidents in the UK tak 
place in the home, just how tre is th 
phrase? How safe are our homes? 

Statistics also show that every week 
on average in this country someone is 
killed by electricity and that nearly 10,000 
fires in residential dwellings are caused 
by electrical equipment. That’s nearly 30 
a day. 


Growing Awareness 


Perhaps changes in regulations in 
recent years indicate the growing aware- 
ness of the importance of electricity, and 
electrical safety. There are clearly de- 
fined attempts to reduce the risks associ- 
ated with the use of electricity and bad 
electrical practice. On the surface elec- 
trical products themselves might not 
seem to have undergone any demonstr- 
able change. Indeed if a lay observer 
were asked to compare the electrical 
accessories in a new house built at tl 
beginning of the sixties with one buik 
today, he may be hard put to spot too 
many differences. 


Absorbed 


The Ring Main for example has been 
well absorbed into practice following the 
consolidation into the 13th Edition of the 
IEE Wiring Regulations introduced in 
1955. Its major provision for less cable, 
conduit and labour to make up the actual 
circuit with the facility to connect extra 
socket outlets without the need for addi- 
tional wiring made a significant impact on 
a period of hectic rebuilding and rede- 
velopment. 

The 13th Edition was replaced in 
1966 by the 14th with the main require- 
ment that each socket outlet should be 
directly earthed to its earth terminal via 
the earth wire of a composite cable. This 
Edition carried many other amendments 
up to 1976, when discussion commenced 
on the 15th Edition, which emphasized 
the need for MCB’s (miniature circuit 
breakers) and RCB's (residual current 
operated circuit breakers), which in indi- 
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vidual or consumer unit configurations 
are becoming increasingly important. 


Impetus 


A major impetus for this develop- 
ment has been the Health and Safety at 
Work Act, 1974. It had a significant effect 
on the installation and maintenance of 
electrical accessories. It forced all re- 
levant parties in the electrical, building 
and specifying industries towards much 
closer and more frequent consultation on 
matters of electrical safety. 

As regulations, legislation and British 
Standard documents have influenced the 
‘workings’ of electrical products in con- 
nection with electrical safety, so new 
design concepts and materials have pro- 
duced changes to style and finish. 


Innovations 


My company for example, as market 
leaders, in the early sixties introduced 
such technical and far reaching innova- 
tions as sliding shutter safety precautions 
on all socket outlets, captive screws and 
washers, equal length conductors and 
high quality finish. Then came our unique 
safety plug in 1971 - which became a 
by-word for technical design and safety. 
In addition our Logic range introduced in 
the mid-seventies acknowledged the 
trend toward product branding with a 
comprehensive range of matching acces- 
sories. With its clean, sharp lines and 
emphasis on rocker switches, Logic indi- 
cated the growing role architects, speci- 
fiers and consultants began to play as 
they sought the safest items to comple- 
ment the ambience of properties under 
their direction. 


Grass Roots 


So as can be seen attempts have 
been made to avoid some of the danger- 
ous pitfalis concerning electricity, but 
there is still a strong requirement for 
consideration at grass roots level. Yes, 
properly installed and used electricity is 


perfectly safe, but lethal if abused. It's 


worth remembering that although elec- 
tricity is ‘unseen’ it does have a ‘load 
value’, and it is vital that the wiring 
installation will support that load which 
rises and falls many times in the course of 
the day. What can the householder do to 
minimise the risk of, say, an electrical fire 
or to ensure the most reliable personal 
protection? There are a number of steps 
to be taken. 


Checked 


Firstly have your wiring checked by 
experts. There are plenty of conscien- 
tious and reputable electrical contractors 
willing to advise and carry out electrical 
installations if required. Any house con- 
taining electrical circuitry 30 years old, 
and which has not since been rewired 
needs to be thoroughly checked by a 
qualified electrician. However good the 
original wiring and fixtures, no matter 
how expertly installed or carefully main- 
tained, the material that was used over 30 
years ago to insulate the wires from each 
other within the cables may have deteri- 
orated so much that the wiring is now 
unsafe, and needs replacing. 








If the wiring itself is fairly new and 
does not need replacing, take stock of all 
the electrical appliances you didn't have 
two or three years ago. Ask yourself if 
you shouldn't have a number of extra 
sockets installed. 


Abuse 


An inadequate number of socket 
outlets usually leads to the use of adap- 
tors, and often the subsequent abuse of 
the electrical system. Just count up the 
number of electrical appliances in con- 
stant use in your home, and then add up 
the number of socket outlets. Ideally 
there should be one socket outlet for 
each major appliance with spares for 
certain appliances to make your life 
easier as well as safe. 

Also the location of the power point 
is important, as trailing cables, such as 
when the appliance is situated too far 
from the socket outlet, can be a high-risk 
factor. It can cause, in the event of 
tripping over, personal injury, or the wire 
to be pulled out of the terminals in the 
plugs and increase the risk of electric 
shock or fire. Again the electrician can 
advise the most sensible approach. 


Plugs 


And plugs? Well a survey carried out 
by my company showed that 70 million 
potentially dangerous plugs were in use 
in British homes. Such common faults 
were incorrect wiring, ineffective cord 
grips, faulty terminal connections etc. 

Plugs should be wired correctly us- 
ing the correct colour codings and only 
plugs to British Standard with the safety 
mark should be used. Unfortunately there 
are many cheap, poor quality, imported 
plugs available from retail shops. These 
should never be used. 


Distributed 


Electricity is distributed in the home 
for uses such as power, light, cookers, 
central heating and so on, through a fuse- 
board. There are various types. Probably 
it incorporates devices known as rewir- 
able fuses, where if the fuse blows it is 
necessary for the correct replacement 
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fusewire to be fitted. If this is not avail- 
able some people actually use nails, 
paper clips, hair grips, even silver paper 
to bridge the gap between the two 
terminals and to restore the supply. This 
is highly dangerous and should never be 
attempted. 


Advanced Systems 


In the newer property, planning and 
selection of the most reliable electrical 
fittings is a much simpler task than for the 
older building. There are now many 
modern advanced systems for distribut- 
ing electricity to where it’s needed in the 
house. It behoves any householder to 
consider these developments. After all 
what price the safety of your family? The 
modern consumer unit is such a develop- 
ment and replaces the traditional ‘mains 
box’. 

A consumer unit contains a number 
of fuseways and a double pole isolating 
switch. Both from a safety and practical 
point of view consumer units have a 
number of advantages. And if you have 
an old distribution system it’s worth 
bringing it into line with current wiring 
practice. 

From the safety aspect old switch 
and fuse units and fuseboards themselves 
often have double pole fusing, which 
means that the live (phase) and neutral of 
each circuit have separate fuses. A situa- 
tion could arise in which a fault on the 
circuit causes the neutral fuse to blow but 
leaves the one on the live side intact. The 
result is an ineffective safety device, as 
part of the circuit could still be live. So if 
you have double pole fusing it's important 
for safety reasons that it is replaced. 

Consumer units have single pole 
fusing which means that the fuse is 
connected to the live side of the circuit 
only. When this blows as a result of a fault 
of an overload all power to the circuit is 
cut off: no part remains live. 

However simply having a new con- 
sumer unit installed will not by itself 
renew the standards of an old wiring 
system. If the wiring is old it is potentially 
lethal. If you intend to upgrade your 
installation through a new consumer unit 
then it is vital that you still have the 
existing wiring checked by a competent 
electrical contractor. 








Types 


There are various types of consumer 
units available with six, eight, ten or 
twelve fuseways, some with rewirable 
fuses and cartridge fuses. Yet, the safest 
and most reliable are those which in- 
corporate devices called residual current 
operated circuit breakers (RCB’s) and 
miniature circuit breakers (MCB’s). 

My company’s Sentry consumer unit 
incorporates these and is at the heart of 
the MK Shield of Safety Scheme, which 
literally offers the owners of 10,000 new 
homes the safest and most advanced 
electrical wiring system. 

The RCB in the consumer unit moni- 
tors the electrical current in the home 24 
hours a day, thus providing the individual 
with a high degree of protection against 
electrocution, and the property from the 
dangers of fires caused by electrical 
earth faults. The RCB switches off the 
current in a fraction of a second if a 
potentially dangerous current leakage 
occurs — quick enough to save a life. 

It's worth noting that danger to life 
can occur when a very low level of 
current leaks to earth through an indi- 
vidual. For example between 1-3 mil- 
liamps an electric shock is felt. Between 
6-10 milliamps the individual finds it hard 
to let go of the appliance. Above 25 
milliamps and there is real danger of 





heart attack and paralysis. And it only 
takes one quarter of an amp leakage to 
earth to start a fire. 

The MCB's switch off instantly in the 
event of a short circuit or overload. 
Unless the fault is located the MCB will 
trip again and again — and there is no way 
that silver paper and nails can find their 
way into these. Only when the fault is 
cleared can it be reset. An MCB is 
therefore a much safer device than a fuse. 


Outdoors 


Where electrical tools are used out- 
doors - for jobs in the workshop, garden 
or garage a socket outlet incorporating 
an RCB should seriously be considered. 
Again the RCB will act should an earth 
leakage occur as a result of an appliance 
fault, frayed or accidentally cut cable, 
bad wiring etc, thus protecting against 
electric shock. 

There are many types, but those like 
my company’s 13 amp Sentrysocket 
switch socket outlets are probably the 
most reliable and safest. Unlike the RCB 
plug types available which can be drop- 
ped, become cracked and their efficien- 
cy impaired this type can be safely 
installed into the space vacated by a twin 
gang socket. 


Awareness 


So we hope you now appreciate the 
importance of safety when tackling elec- 
tricity. If you are in any doubt, do not 
assume things will correct themselves, 
but consult a registered electrical con- 
tractor, preferably a member of the 
Electrical Contractors Association or 
NICEIC (National Inspection Council 
Electrical Installation Contracting) 
approved. He will advise you not only on 
the work that needs to be done, but on 
which electrical accessories to install. 

But perhaps it is the need for a 
keener awareness by us all not to take 
electricity for granted and to ensure that 
it is electrical safety first before all other 
considerations. 

Maplin Magazine December 1984 





An Introduction to Programming 
the Sinclair QL 

by R.A. &J.W. Penfold 

In order to complement the 
information supplied by the 
manufacture rather than just 
duplicate it, the authors have 
adopted a step-by-step approach, 
starting with the fundamentals and 


| then moving on to more advanced 


topics, with many example pro- 


| grams being included to illustrate 


and clarify points. This book 
covers Variables and Arrays, 
String Variables, Sound Generator, 
Graphics, QL Interfaces and more. 
178x110mm, 100 pages, illustrated. 
Order As WMS4C (Intro Prog 
QL) Price £2.1SNV 


BASIC & FORTH in Parallel 

by S.J. Wainwright 

FORTH is a very different 
language from BASIC, but this 
book takes both languages and 
investigates how things are done 
in each of them. BASIC is used as 
a familiar ‘handle’ with which to 
grasp the various programming 
techniques. A FORTH-Stack sim- 
ulator program is included which 
runs ona 16K or 48K Spectrum 
computer. The Stack is central to 
the operation of FORTH and an 
understanding of the Stack is 
fundamental to the FORTH user. 
178x 110mm, 85 pages, illustrated. 
Order As WM95D (BASIC & 
FORTH) Price £2.15NV 


The Complete Guide 

to Satellite TV 

by Martin Clifford 

If you've ever tried to find 
information on TVRO reception; 
details on siting and installing 
TVRO base stations; or specifics 
on satellite orbits, uplinks and 
downlinks, and decibel calcula- 
tions, you've probably found that 
search a frustrating and time- 
consuming experience. Now this 
book provides answers to just 
about any question you could ask 
on TVRO's, how signals are 
processed and the components 
and installations of your own home 
system. American book. 

208x 130mm, 250 pages, illustrated. 
Order As WM99H (Satellite TV 
Guide) Price £10.95NV 


Electronic Fault Diagnosis 

by George Loveday 

The ability to rapidly diagnose the 
causes of faults in electronic 
equipment and circuits is one of 
the important skills that can be 
acquired by the electronics tech- 
nician. The exercises throughout 
this book are designed to assist 
the student in acquiring this 
ability. The text mainly concen- 
trates on component failure 
occurring in particular types of 
circuit, rather than on the fault 
finding techniques used for 
localising faults in complete 
electronic instruments or systems, 
although this is covered briefly. 
245x 185mm, 110 pages, illustrated. 
Order As WP08]J (Elect. Fault 
Diag) Price £6.05NV 
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Practical Electronics 


by Barry Woollard 


| This book introduces the compo- 


nents used in modern electronics, 
detailing their attributes, ratings 
and typical applications. There are 


| sections on Resistors and Capacit- 


ors, Inductors and Transformers, 
Power Supplies, Transistors, Thyr- 
istors and Triacs, Pulse Shaping, 
Amplifiers, Logic and Digital Elec- 
tronics, and also Measurements 
and Fault Diagnosis. Each section 
is complemented by a series of 
practical exercises for which 
typical results are given later in 
the book. This book is ideal for 
Students and Teachers alike. 
230x150mm, 250 pages, illustrated. 
Order As WPOSF (Pract Elect- 
Price £8.10NV 


The Fibre Optics 

& Laser Handbook 

by Edward L. Safford, Jr. 

Video disk players that use laser 
beams to ‘read’ information stored 
on the disk, laser devices that read 
bar graph data on food packages, 
fibre optic sensing devices that 
can relay information on malfunc- 
tioning car parts to a warning 









curious about the subject, an 
engineer looking for a thorough 
overview of the latest practical 
applications or an electronics 
experimenter who wants some 
ideas on making your own laser 
and fibre optic devices, then this is 
probably the most complete book 
available on the state of the art! 
American book. 

210x130mum, 356 pages, illustrated. 
Order As WPOOA (Fibop/Laser 
Handbook) Price £14.80NV 


Assembly Language Programm- 
ing on the Sinclair QL 

by Andrew Pennell 

Many useful and explanatory 
machine code listings are given in 
this book along with relevant 
BASIC procedures and functions, 
including a full disassembler. The 
Most important features of QDOS 
are revealed along with how best 
to use them in your own programs. 
The internal structure and register 
set is explained and many address- 
ing modes clearly detailed. In fact, 
this book explains all you need to 
know about programming the 
68008 and in addition it shows how 
to use the hardware and software 


indicator on your dashboard. facilities of the QL, including the 
These are just a few of the many 8049 second processor. 
ways that lasers and fibre optics 232x 153mm, 168 pages, illustrated. 
are making an impact in today’s Order As WP06G (Ass Lang QL) 
world. Whether you are simply Price £7.95NV 
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BBC Hardware Projects 

by Don Thomasson 

This book will enable you to adda 
whole new world of electronic 
projects to your BBC micro. 
Included are projects to build a 
Light Pen, a switched Joystick 
Adaptor, a Thermometer, a 
Graphic Voltmeter, a Computer 
Oscilloscope, a Hexadecimal Key- 
pad, and many more. This book 
also contains an in depth explana- 
tion of the BBC's hardware 
operation which is backed up with 
circuit diagrams and a detailed 
run down on how each component 
functions. 

210x140mm, 184 pages, illustrated. 
Order As WP01B (BBC Hard- 
ware Proj) Price £8.95NV 


Essential Electronics 

by George Loveday 

This book is a sequence of 
concise explanatory texts arrang- 
ed in alphabetical order. It is a 
guide to all the important topics in 
modem electronics, Each explan- 
ation is as self-contained as 
possible but many cross-referenc- 
es to closely allied topics are 
given to help to establish the 
various interrelationships between 
the topics. The nature of the 
information is both theoretical and 
practical, so that the book 
provides a sound foundation for 
understanding new developments 
and practical applications. Partic- 
ular emphasis is given to compon- 
ent data and practical circuits. 
245x185mm, 257 pages, illustrated. 
Order As WP07H (Essentl Elect- 
ronics) Price £8.15NV 


An Introduction to Programming 
the Amstrad CPC464 


| by RA. &J.W. Penfold 


The excellent hardware of the 
Amstrad CPC464 running with 
Locomotive Basic go to make up 
an extremely potent and versatile 
machine and this book has been 
written to help the reader expand 
the potential of this powerful 
combination. The book contains 
details on Variables and Arrays, 


| Decision making, Graphic modes, 
| Animation, Interfacing, Interrupts 


and much more. 


| 178x110mm. 125 pages. illustrated. 


Order As WMQ7F (Intro Prog 
Amstrad) Price £2.45NV 


Spectrum Micronet Book 

by Alan Giles 

This book provides a wealth of 
detail about using a Spectrum 
computer to access the pages of 
MICRONET and PRESTEL. Infor- 
mation is given on the PRISM 
VTX5000 interface and how to use 
it to convert the computer into a 
PRESTEL terminal and thereby 
gain access to the quarter of a 
million pages that are currently 
available. Also included is a set of 
suggestions to improve the BASIC 


| control program of the VTX5000. 


210x140mm, 85 pages, illustrated. 
Order As WP02C (Spectrum 
Micronet) 







Price £6.95NV | 
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Resistance Meter 


Although practically any multimeter 
is capable of resistance measurements, 
apart from digital instruments the number 
of resistance ranges provided is often 
rather limited, and the reverse reading 
non-linear scale is not very convenient in 
use. This resistance meter, despite being 
an analogue type, has a forward reading 
linear scale, and five ranges having full 
scale values of 1k, 10k, 100k, 1M, and 
10M. It can therefore be used to test 
virtually any resistor that will be encoun- 
tered in the course of normal electronic 
Project construction and servicing. 

The unit uses the same operating 
principle that is utilized by digital multi- 
meters during resistance measurements. 
A constant current source is used to 
provide a certain current to the resistor 
under test. The voltage developed across 
a resistor, given a fixed current, is prop- 
ortional to the value of the resistor. 
Therefore, if a voltmeter circuit is used to 
measure the potential developed across 
the resistor, the meter can in fact be 
calibrated directly in terms of resistance. 
For example, consider a test current of 1 
milliamp and a voltmeter with a full scale 
sensitivity of 1 volt. A value of 1 kilohm 
would give a potential of 1 volt (1000 
ohms x 0.001 amps = 0.1 volts) and only 
10% of full scale deflection on the meter. 
In other words the meter reading is 
proportional to the test resistance, and a 
forward reading linear scale is obtained. 

In the practical circuit IC] provides 
the test current, and the LM334 is specifi- 
cally designed as a current regulator. S] 
provides five switched currents of nomi- 
nally O.lwA, luA, l0uA, 100uA, and 
10mA, giving the unit its five measuring 
ranges. The lowest current is actually out- 
side the recommended operating range 
of the LM334, but provided this current is 
trimmed to the right level by means of 
RV], accurate results are obtained on this 
range (the 10M range). The output cur- 
rents on the other four ranges are control- 
led by precision (1%) resistors which 
ensure that good accuracy is obtained on 
these ranges. The voltmeter circuit must 
take no significant current from the test 
resistor if usable results are to be 
obtained, and IC2 provides the necessary 
buffering between the test resistor and 
the meter circuit. IC2 has a MOS input 
stage which consumes no significant in- 
put current. RV2 controls the sensitivity of 
84 
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potential of the meter circuit TR] is 
switched hard into conduction, and it 
limits the deflection of the meter to a very 
low level. TR2 and TR3 activate LED 
indicator D2 when a valid reading is 
present on ME}. 

The unit is calibrated using (say) a 
100k 1% resistor, with the unit switched to 
the 0 to 100k range. RV2 is then adjusted 
for precisely full scale deflection of the 
meter. Then the unit is switched to the 
10M range, a 10M 1% resistor is con- 
nected across SK1 and SK2, and RV1 is 
adjusted for precisely full scale deflec- 
tion of ME1. 









Woodblock Synthesiser 


Woodblock synthesisers are 
perhaps not the best known type of 
percussion synthesiser, but they are 
capable of producing useful effects and 
are something electronic music 
enthusiasts should not overlook. This 
woodblock synthesiser can be triggered 
either by hitting the pick-up or by means 
of a +5 volt trigger pulse of a few 
milliseconds in duration. The pitch is 
adjustable over a wide frequency range. 

A woodblock sound requires a fairly 
complex waveform since it consists of not 
just a fundamental signal plus harmonics, 
but a fundamental signal plus other 
frequencies close to this fundamental 
one. A suitable waveform cannot be 
produced using an oscillator, and the 


most simple method of generating a 
satisfactory signal is to use a noise source 
plus a very narrow bandwidth bandpass 
filter, 

In this circuit the basic noise signal is 
generated by the reverse biased base/ 
emitter junction of TR]. This breaks down 
at about 6 volts in zener diode fashion, 
and like a zener diode generates noise 
spikes. The noise output is greater than 
that from a zener diode though, but the 
high level of amplification provided by 
common emitter amplifier TR2 is still 
needed in order to give a strong output. 
TR] can be virtually any npn silicon 
transistor, and in practice it is probably 
best to try a few devices from the spares 
box to find one that gives a really good 
noise output. C3 provides some initial 
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lowpass filtering that prevents the final 
output from having an excessive high 
frequency content. 

The output from TR2 is fed to what is 
really a state variable filter (and which is 
based on IC] and IC2). However, in this 
case it is only the lowpass output of the 
filter that is utilised - the highpass and 
bandpass outputs just being ignored. The 
filter is used at a high Q value so that a 
narrow and pronounced peak is 
produced in the frequency response just 
below the cut-off frequency, and the type 
of filtering obtained is actually a cross 
between bandpass and lowpass filtering. 
This gives an excellent output signal for 
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this application, and the pitch of the 
output can be varied from about 200Hz to 
20kHz by means of RV1. 

Envelope shaping is, of course, 
essential if a usable effect is to be 
obtained. In this circuit IC3a operates as 
the voltage controlled amplifier, and this 
is a straightforward circuit using an 
operational transconductance amplifier. 
IC4 and its associated components 
generate a simple attack — decay control 
voltage from the input trigger pulse or the 
pulses from the pick-up. The latter can be 
a ceramic resonator or a_ crystal 
microphone insert. 

One section of IC3 is left unused, and 


——“- 
| ONIOFF | 


2M2 
o1 
1N4148 


the pin numbers for the unused section 
are shown in brackets on the circuit 
diagram. In practice the unit would be 
most useful if two or more synthesisers 
are constructed, and the second section 
of IC3 does not have to be wasted. The 
noise source can be used for several 
synthesisers, but the filter, envelope 
generator, and VCA circuits would need 
to be duplicated for each synthesiser. If 
several synthesisers are built and they 
are to be triggered by pick-ups it is 
essential to have these reasonably well 
(physically) isolated from one another to 
prevent unwanted multiple triggering 
from occurring. 
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Atari 8 Channel ADC 


Although the Atari computers 
seem to be mainly thought of as games 
machines, they probably have more 
potential for user add-ons than most Atari 
users realise. The joystick ports of the 
Atari 400 and 800 computers provide 
what is effectively two 8 bit input/output 
ports with each line individually prog- 
rammable to act as an input or an output. 
The 600XL and 800XL are rather more 
limited in that they only have two joystick 
ports, and therefore one 8 bit input/ 
output. 

The joystick ports have two analogue 
to digital converters per port, but these 
are resistance operated converters and 
not the more useful voltage sensitive 
type. However, it is quite easy to inter- 
face a high quality analogue to digital 
converter to the digital inputs of the 
joystick ports, and a suitable 8 channel! 
design based on the CMOS 7581 device is 
shown here. Apart from the normal +5 
volt supply a — 10 volt reference source is 
required for this device. The 7581 also 
needs an external clock supplying a 
frequency of about 1 to 1.6MHz. In this 
case IC2a is used as a simple relaxation 
oscillator operating at typically just over 
1MHz, and IC2b provides a buffered 
output for the clock input of the 758] 
(IC1). The clock signal is applied to a 
series of four more buffers, and each of 
these drives a rectifier circuit that gives a 
negative output. The four rectified out- 
puts are effectively connected in series, 
smoothed by C6, and then limited to —10 
volts by zener diode D9. This gives the 
required reference voltage to pin 10 of 
IC1. This potential sets the full scale input 
sensitivity of each channel at 10 volts. 

The 7581 has a quite complex inter- 
nal circuit, but it is basically a successive 
approximation converter, 8 by 8 RAM, 
and eight input analogue multiplexer. The 
action of the device is to convert each 
channel in turn and store the result in the 
appropriate 8 bit RAM location. By read- 
ing one of the RAM locations the latest 
value for the corresponding channel is 
obtained (each channel is updated 
approximately every 500uS, or 2000 times 
per second). DO to D7 carry the 8 bit 
output from the selected channel, while 
AO to A3 are inputs which are used to 
select the required channel. A connec- 
tion diagram for the four joystick ports is 
included here, and note that five lines are 
left unused and are therefore free to act 
as outputs if the converter is used in a 
control application. Connection to the 
joystick ports is via 9 way D sockets. 

The converter can be read at 
address 54016 using the PEEK function 
(e.g. PRINT PEEK (54016) would print the 
returned value on screen). However, first 
the three address outputs must be set up 
as outputs and used to select the desired 
channel. The following commands 
achieve this:— 

POKE 54019,56 
POKE 54017,255 
POKE 54019,60 
POKE 54017,X 
56 






C2-6 = 100nF 
01 D3 RaiEe 07 
DO) 2 | 
(00000) foeom 
o000 lowes 
nerd 
GND 
PORT 1 PORT 2 


Here X is simply the number of the 
channel that you wish to read. The above 
routine sets A3 to A7 as outputs inciden- 
tally, and these can be controlled by 
POKEing the appropriate value to 
address 54017 (remembering to also set 
AO to A2 to the right states when the 
converter is to be read). 

The unit could be used with a 600XL 
or an 800XL, but only as a single channel 


D1-8 = 1N4148 


IC2 = 74LS14 





AS A7 08 
ies tee Aa | AG 
(00000 (C0008) 
\ooo0o \oo00/ 

PORT 3 PORT 4 


converter since joystick ports 2 and 3 are 
Not fitted to these machines, and no 
means of selecting the desired channel is 
available. AO to A2 would therefore be 
earthed, and only channel 0 would be 
used. Another problem if the unit is used 
with a 600XL or 800XL is that there would 
be no spare lines to act as outputs if the 
equipment is needed for a control ap- 
plication. 
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Capacitance Meter 

This capacitance meter has four 
ranges with full scale values of 5nF, 50nF, 
500nF and 5uF, enabling it to be used for 
checking most capacitors. It cannot be 
used to test high value electrolytic capa- 
citors, but as these can be checked 
satisfactorily using an ordinary multi- 
meter this is not a serious flaw. Although 
the unit has a quite simple circuit it is 
capable of excellent accuracy provided it 
is calibrated properly. No special equip- 
ment (apart from one close tolerance 
capacitor) is needed in order to calibrate 
the meter. 

The circuit is based on a monostable 
multivibrator which is built around two 
CMOS 2 input NOR gates (ICle and IC1d) 
and utilizes a standard configuration. The 
capacitor under test is the timing capaci- 
tor in the monostable, and the timing 
resistor is one of four switched compo- 
nents (R4 to R7) which gives the unit its 
four ranges. The monostable’s output 
pulse duration is proportional to the value 
of the test capacitor, and some means of 
converting the pulse length into a corres- 
ponding meter reading is required. This 


is achieved by feeding the output pulse to 
the input of a Miller Integrator. The latter 
is a conventional operational amplifier 
type which is built around IC2. The basic 
action of the circuit is to give an output 
voltage that goes negative at a linear rate 
while the input pulse is present. In other 
words it gives the required pulse length 
to voltage conversion, and RV1 can be set 
up so that the unit provides direct read- 
ings in capacitance. R8 and D2 effectively 
stabilise the output pulse voltage of the 
monostable so that variations in supply 
voltage do not significantly affect the 
calibration of the unit. The output pulse 
length of the monostable does not seem 
to be supply dependent, and it is not 
necessary to use a stabilised supply for 
this section of the circuit. 

ICla and IC1b form a low frequency 
astable circuit which provides a brief 
Negative output pulse about once per 
second. Rl] and steering diode D1 are 
used to give the astable circuit the 
required non-symmetrical output wave- 
form. The trailing edge of this signal is 
used to trigger the monostable and auto- 
matically take new readings at about one 
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second intervals. C4 must be discharged 
before a new reading is taken, and this is 
accomplished by TR2 and TR3 which are 
biased into conduction during each of the 
brief negative output pulses from the 
astable circuit. 

In order to calibrate the unit a close 
tolerance capacitor having a value which 
is something approaching the full scale 
value of one of the ranges is required. For 
example, a 47nF capacitor has a value 


ATARI 8-CHANNEL 
ADC PARTS LIST 
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that is close to the maximum reading on 
the 50nF range, and could be used to 
calibrate the unit while it is switched to 
this range. It is simply a matter of 
connecting the calibration component to 
SK1 and SK2 and then carefully adjusting 
RV] to obtain precisely the correct read- 
ing. Provided R4 to R7 are 1% tolerance 
resistors the unit will give good accuracy 
on all four ranges. 

The unit can be used to check 





electrolytic capacitors provided they are 
connected with the polarity indicated on 
the circuit diagram, and they are of 
reasonable quality. Components having 
high leakage levels may not give a 
reading, but would obviously be of doubt- 
ful worth anyway. There should be no 
need to recalibrate the meter as its 0 to 50 
scale is quite convenient for all four 
ranges. 
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meter has a 50 microamp meter move- zal O54 prance RS LF353 ale 
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nected to the circuit and is of little 7 4 _ = __ $2, 


practical value. 
December 1984 Maplin Magazine 


§7 


The classic solution to this problem 
is to use a high impedance voltmeter 
when making voltage checks on low 
current circuits. A unit of this type has an 
amplifier to drive the meter and substan- 
tially reduce the input current require- 
ment. This high impedance voltmeter 
design, in common with most units of this 
type, has a constant input resistance of 
over 1] megohms. Three voltage ranges 
having full scale values of 0.5, 5, and 50 
volts are provided. In terms of ohms per 
volt sensitivity this gives over 22 
megohms, 2.2 megohms, and 220k re- 
spectively, which is vastly superior to a 
normal analogue multimeter. 

The first stage of the unit is a three 
Stage attenuator which gives the three 
measuring ranges. R5, D1, and D2 are an 
overload protection circuit which pre- 
vents an excessive input voltage of either 
polarity from reaching ICla, and also 
eliminates the possibility of an excessive 


| 


input voltage causing a severe overload 
of the meter. ICla, together with RV1 and 
D2 to D6, forms a precision full wave 
rectifier circuit which drives the meter. 
RV1 is adjusted to give the unit the 
correct level of sensitivity. The point of 
using a precision rectifier rather than a 
simple buffer stage is that it is then not 
essential to connect the input signal with 
the correct polarity. ME] will register the 
correct input voltage regardless of its 
polarity. Note that IC] is a type having a 
JFET input stage so that it does not 
significantly load the high resistance atte- 
nuator and impair the accuracy of the 
unit. C3 helps to filter out any noise 
picked up at the input, which (due to the 
fact the unit will respond to input signals 
of either polarity) could otherwise pro- 
duce a strong deflection of MEl. 

One problem with this basic volt- 
meter circuit is that it does not enable the 
polarity of the input signal to be deter- 


mined. This is overcome by including 
voltage comparator IClb and its associ- 
ated circuitry. Under quiescent condi- 
tions or with a positive input signal (i.e. 
the non-earth input positive of the earth 
input) the output of IClb goes high and 
LED indicator D8 is switched off. Howev- 
er, with a negative input signal the output 
of IC1b goes low and D8 is switched onto 
indicate that the input voltage is negative 
in polarity. 

In order to calibrate the unit a 
suitable and accurately known voltage is 
required. For example, a 4.5 volt battery 
could be used to provide the calibration 
voltage. A multimeter would be used to 
measure the precise battery voltage, the 
high impedance voltmeter would be set 
to the 5 volt range, the battery would then 
be connected to the input of the unit, and 
finally RV1 would be carefully adjusted 
for precisely the correct reading on ME1. 
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DXER’s 
State Variable Filter 


With a communications receiver that 
lacks sophisticated IF filtering it is often 
possible to produce a worthwhile imp- 
rovement in performance using an audio 
filter or filters. Issue 7 of this magazine 
featured a highpass/lowpass filter plus 
expander, but the design featured here 
uses an alternative approach which is in 
some respects more versatile (although, 
admittedly, in other respects inferior). 
The unit featured here is a state variable 
filter. In other words, rather than provid- 
ing (say) lowpass and highpass filtering, 
it can be switched to give any form of 
simple filtering (highpass, lowpass, band- 
pass, and notch). In practice there would 
ideally be two or three filters connected 


i VP 


in series so that several types of filtering 
could be provided simultaneously. 

The circuit is a conventional state 
variable filter using four operational 
amplifiers. Rl, R2, and C2 are used to 
provide a bias equal to half the supply 
potential so that the circuit can operate 
from a single supply having a potential of 
about 9 to 18 volts. ICla acts as a mixer 
stage, while IClb together with C4 plus 
the combined resistance of RV2a and R8 
operates as a phase shift circuit. IC2a is 
connected in an identical phase shift 
circuit. Feedback paths are used to con- 
vert the phase shifts into a highpass filter 
action at the output of ICla, a bandpass 
action at the output of IClb, and lowpass 
filtering is obtained at the output of IC2a. 
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R6, R10, and RV3 are used as a passive 
mixer which drives buffer stage IC2b. 
Mixing the highpass and lowpass outputs 
gives the notch filtering, and RV3 is a 
balance control which enables the unit to 
be adjusted for optimum attenuation. S1 is 
used to select the desired type of filter- 
ing, and RV1 is the ‘Q’ or ‘resonance’ 
control, according to which terminology 
you prefer. RV2 enables the cut-off or 
centre frequency of the filter to be 
adjusted (depending on the filter mode 
selected), and a wide frequency range of 
about 100Hz to 10kHz is covered. The 
filter is a two stage type and therefore has 
a 12dB per octave roll-off rate. 

In use the unit is fed from the 
headphone socket of the receiver, and 





the output will drive virtually any type of wise an unwanted peak will be produced filtering, with RV2 being adjusted to give 


headphones at good volume. Lowpass in the frequency response close to the optimum results. 

filtering is useful for reducing adjacent cut-off frequency. Heterodynes can be eliminated by 
channel interference, background ‘hiss’, Bandpass filtering is probably most setting the ‘Q’ control at minimum and 
and general background noise. Highpass useful during CW (Morse Code) recep- then adjusting RV2 and RV3 to optimise 
filtering attenuates low frequencies, and tion. With the ‘Q’ control set at maximum attenuation of the unwanted tone. 
can be useful in reducing low frequency RV2 is tuned to peak the wanted signal. Advancing the ‘Q’ control helps to narrow 
heterodynes, mains hum, and any low Note that the voltage gain of the filter will the notch and minimise losses of the 


frequency interference. With either of be quite high in the centre of the wanted signal, but adjustment of RV2 and 
these types of filtering the tuning control passband, and the volume control of the RV3 then becomes somewhat more 


is adjusted to minimise the interference receiver will therefore need to be well critical. There is also a danger of clipping 
without using so much filtering that the backed off in order to prevent overload- occurring at certain points in the circuit, 
intelligibility of the signalis impaired,and | ing. An improvement in phone transmiss- causing a loss of efficiency and distortion 
it is usually quite easy to find a good ions might be obtained using bandpass on the output. It is therefore advisable to 
compromise setting. The ‘Q’ control filtering with the ‘Q’ control set at keep RV1 well backed off when using 
should be set at or close to minimum (i.e. minimum. The unit would then effectively notch filtering. 

set at almost minimum resistance), other- provide both highpass and lowpass 
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tive component in the L - C oscillator) 
produces a change in Q. This Q change is 
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Before you send your next order to 
us by post, take a look and see if 
there's a Maplin shop near you. In 
our shops you'll find that personal 
service that even the best mail- 
order operations cannot match. 
And you can look at the products 






































District, Piccadilly and Metropol- 
itan lines’ Hammersmith station. 


The Midlands 

In the Midlands our Birmingham 
store is just § minutes from the M6 
on the A34, and only a little farther 
























































before you buy. If you're coming from the MS (junction 1) on the 
for a particular item, a quick A4040. 
phone call will enable you to be 
certain the shop has everything The North 
you want in stock. Our self-service store in Man- 
Our shops are pleased to accept chester serves the North and is 
Access, Barclaycard, American just off the Mancunian Way, 
Express and Mapcard, and also opposite the BBC, about § minutes 
cheques up to £50 with a cheque from the end of the M602 or 
10 on the M63. 
guarantee card. We'll even accept yunenen 
ordinary money as well! South-East 
All our shops are close to excell- Essex and Kent are served by our 
ent parking facilities, meters in Southend shop which is right on 
London and Manchester, and free the A13, just 2 minutes before you 
elsewhere. reach the centre of Southend. And 
we're only 30 minutes from the 
The South M28 (junction 29) as well. 
In the South our Southampton store 
is conveniently placed for easy All our shops are open from 9 a.m. 
access from all parts of Hampshire SHGPS to 8.30 p.m. Tuesday to Saturday 
Ee rey kala ’ (closed all day Sunday and Mon- 
just 15 minutes from Portsmouth day) and do not close for hunch. 
(Eat toa MENT Maaco espera HELP SERVE YOU BETTER! SAN Ca ea 
Sets the ha-8) Birmingham: Lynton Square, Perry Barr. Tel: 021 356 7292. store for you at any Maplin shop. 
London London: 159-161 King Street, Hammersmith W6. Tel: 01 748 0926. Our helpful staff may often be able 
Our London sore situated justo Manchester: § Oxford Road. Te 061296 028, Oe ee 
west of the pedestrian 4 
iG Cs i RIT: Southampton: 46-48 Bevois Valley Road. Tel: 0703 28831. Cui sain eee ace 
5 minutes from the end of the M4 Southend-on-Sea: 282-284 London Road, Westcliff-on-Sea, Essex. what you want today. We look 
and only a short walk from the : Tel: Southend-on-Sea (0702) 554000. forward to serving you. 
MAGNIFICENT SEVEN 
reflected in the strength of oscillation, In practice it is essential (in the 
which is in turn reflected in a shift in the interests of good performance) to adjust 
average voltage levels in the circuit. The the reference voltage to just a minute 
voltage comparator is used to detect this fraction of a pe ses can the quiescent 
voltage shift and activate an indicator output level from the filter, and this is 
LED. difficult using RV1 alone. A fine adjust- SIMPLE METAL 
TRI is used in the oscillator, and itis | ment control has ere been pr | LOCATOR PARTS LIST 
connected as an emitter follower stage. vided in the form of RV2. A stabilised 5 
LI acts as a tuned circuit in conjunction volt supply is used for critical parts of the gee th rear 4 Coie send agro 
with C2 and C3, with these two capacitors circuit so that frequent readjustment of R3 29 1 (M3K9) 
providing a capacitive centre tap on the RV] and RV2 is not required. R456 100k 3  (M100K) 
tuned circuit. This enables a voltage Electrically construction of the unitis | pz 43k 1 (M33K) 
step-up through the tuned circuit to be mostly quite straightforward, but mecha- R8 lk 1 (M1K) 
obtained so that oscillation can be sus- nically the design must be varied to suit RV1 Lin Pot 10k 1 (woac) 
tained despite the fact that TRI provides the particular application you have in | RV2 lin Pot IM 1 (FWo8)) 
slightly less than unity voltage gain. R4 to mind. From the electrical point of view 
R6 and C4 to C6 form a three stage the only difficulty is L1 which must be eee 3 (ww29G) 
passive lowpass filter, and this provides a wound by the constructor. On the pro- are proe _ 2 (BX77)) 
DC output voltage that is equal to the totype this coil consists of 70 turns of 22 6,7 .8,9100nF Polyester 4 (BX76H) 
average voltage at the emitter of TRI. swg enamelled copper wire wound on a : 
This voltage is coupled to one input of temporary coil former (an old plastic | SEMICONDUCTORS 
operational amplifier IC], while RV1 case) measuring 120 by 80 millimetres. | IC]  A78L0SAWC 1 (QL26D) 
supplies a variable reference voltage to Bands of tape can be used to prevent the | 102 A741C 1 (QL22Y) 
the other input. In this application IC] coil from unwinding when it is removed TRI BCS49 1 (QQI5R) 
acts as a straightforward voltage compar- from the temporary former. It is usefulto | Dl Red LED 1 (WLS&K) 
ator, and RV] is adjusted so that the refer- shield the coil and ae Pur dschep to MISCELLANEOUS 
ence voltage is just marginally higher the negative supply rail. A shield can -min Toggle (FHO7F) 
than the output from the filter. This sends merely consist of some aluminium foil 9 See ar == : (FK62S) 
the output of IC] high so that LED indicat- wrapped around the coil and completely | 1) See text 
or D1 is switched off. A piece of metal covering it. This should help eliminate Battery Connector 1 (HF28F) 


close to the search coil results in the out- 
put from the filter dropping to a lower 
potential than the reference voltage, 
which in turn causes the output of IC] to 
go to the low state and switch on DI. 
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any problems with ground capacity 
effects. With this design the exact size 
and number of turns on the coil are not 
critical factors as the exact operating 
frequency of the oscillator is unimportant. 
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If you enjoy building electronic pro- 


| jects, why not expand your hobby by 


actually making your own printed circuit 
boards! Most electronics magazines show 
full size board layouts that can be used as 
templates from which you can etch your 
own boards. All you need is a little 
knowledge and the right equipment. Un- 
doubtedly, one of the best circuit building 
kits available at the moment is the Elec- 


| trolube CM100. 


The great advantage of the CM100 


| photographic development system is that 


professional quality circuit boards can be 
produced without a darkroom, camera 
equipment or ultra violet lights, and the 
ease of use makes previous photographic 
experience unnecessary. 

The CM100 — Circuit Maker Kit was 
one of the first kits on the market to offer 
a complete and easy-to-use system for 
producing printed circuit boards. There 
are four main stages to making PCB's with 
the CMI100. The first step includes 
choosing a circuit layout design and 
producing a film over the PCB design and 
then exposing it with a photoflood bulb. 
The film is then developed in the 

emicals provided in the CM100. After 
clearing the film of any ‘greyness’ with 
clearing solution any small flaws can be 
touched in with a retouching pen and the 
builder is ready for the next stage which 
involves the actual production of the 
printed circuit board. 

In this stage the copper clad board is 
thoroughly cleaned with a scouring pad 
because any traces of dirt or grease will 
prevent the photoresist from adhering to 
the copper, prevent proper etching and 
cause blemishes. Photoresist is then ap- 
plied to the board with a plastic sponge 
applicator. To some it may be argued that 
this is the most difficult part of the 
process and that using pre-coated boards 
is easier, but there are three major 
reasons for this method of application. 

The first and most important reason 
is that if any errors occur while exposing 
the pre-coated board they cannot be 
corrected. The second reason is that the 
added cost of using pre-coated boards 
makes the total production process less 
economical. Finally, the manual method 


| of application allows the builder the 


personal satisfaction of seeing the project 
through completely from start to finish. 
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Conversely in the CM100 Kit, photoresist 
can easily be removed by using the 
scouring pad provided or photoresist 
developer concentrate (also part of the 
Kit). Thus the PCB builder has more than 
one chance to correct mistakes if the 
need arises. For the builder looking to cut 
down on production time, an aerosol 
photoresist will soon be available from 
Electrolube. 

The next step after the film positive 
master and board are exposed and de- 
veloped to reproduce the circuit layout, is 
etching. This is completed by preparing 
an etching solution in a long, narrow and 
very thick plastic bag. Using slide clips to 
section off the bag, the board is then 
inserted into the solution (which can be 
used again), and the bag and solution are 
then gently agitated to encourage 
etching. When the etching is completed 
the board is rinsed and left to dry. 

The final stage of the process in- 
volves removing the photoresist which is 
left to protect the circuit tracking. Using 
the photoresist developer concentrate 
and a cotton wool ball, the board is wiped 
clean of the last traces of photoresist. 
Once rinsed and dried the copper tracks 
are coated with flux lacquer by means of 
the special applicator holder. This lac- 
quer prevents oxidation and makes 
soldering easy and reliable. 


The printed circuit board is now 
ready for drilling and component assem- 
bly. The Universal Assembly Frame which 
is also used for the production of film 
positive masters as an exposure frame 
can now be used as a component assem- 
bly frame. The foam backing which is 
heat resistant, is used to clamp the 
components to the board and thus pre- 
vents the components from dropping out 
of the board while lead cropping and 
soldering take place. 

The CM100 — Circuit Maker Kit is a 
very useful asset for electronic hobbyists, 
colleges and educational institutions and 
small scale research and development 
centres because it produces an extreme- 
ly versatile system which can be used to 
produce circuit layouts from magazines 
and other sources. The Kit is also very 
adaptable and can be tailored to suit the 
needs and demands of various situations. 

In response to the ever-changing 
needs of the electronics market, Electro- 
lube will now offer kit items as separate 
products which will allow hobbyists, col- 
leges and educational institutions, and 
research and development centres to 
supplement their existing equipment and 
supplies. One of the key additions to the 
Circuit Maker Kit list of products is larger 
sized positive photographic film up to 
30cm x 40cm. This new size allows the 
pcb builder more flexibility when choos- 
ing the dimensions of a circuit board 
since it is possible to cut the film to any 
desired length and width. Further items 
to be offered separately from the CM100 
are a specially designed Universal 
Assembly Frame, developers, fixer and 
clearing solutions for the auto-positive 
film, photoresist and developer, and dou- 
ble-sided copper clad boards. 

The CM100 - Circuit Maker Kit 
usually sells for around £70 but Maplin 
are currently selling it on special offer at 
£49.95; see the special offer section in this 
magazine. Maplin are also now selling the 
Kit items separately; refer to page 213 of 
the new 1985 Catalogue for details. 
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2.5mm Mono PCB Mounting 
Jack Socket 

A 2.5mm mono jack socket having 
a knurled fixing nut for panel 
mounting in addition to solder tags 
suitable for insertion into drilled 
holes in a printed circuit board. 





The holes need to be 1.4mm 
diameter minimum. The socket 
also has a break action contact toa 
third pin on insertion of the plug. 
Pins are spaced 10mm; the third 
break contact pin being 4mm 
off-centre. 

Overall height from PCB is 9mm. 
Order As FK01B (PCB 2.5mm 
Jack Skt) Price 15p TQ 500 





34-Way IDC Socket 
and Cable Assembly 





A 34-way IDC socket and cable 
approximately 10 inches long, to 






































































































































| Logic Probe Case 
Asmall plastic box especially 


developed for our Logic Probe 
project LK13P. The box has 
internal dimensions of 120mm 
x 25mm x25mm. It features a 


| rectangular cut-out in the side 


opposite the lid for the Logic 
Probe's LCD display, and a ready 
punched hole in one end for the 
probe. Supplied with one test prod 
(like FK32K), and one adaptor 
boss for making up the probe. 

The flush fitting lid is secured by 
four self tap screws, supplied. 
Colour black. 


the Logic Probe Project, this small 
box conveniently fills the gap 
between matchbox sized plastic 


| cases and the more ‘convent- 


ionally’ sized hand-held boxes 
where the latter may be too 
unwieldy for some uses. 

The moulded black plastic box is 
124mm long by a mere 29mm wide 


| x 29mm deep. It has a removeable 


lid which fits into a lipped recess 

to form a good seal, and which is 

secured with four self tap screws, 
supplied. 


| Ideal for small, hand-held probes, 


2-Way Screw 

Terminal Strip 

A paxolin strip having a pair of 
solder tags for terminating wires 
to a pair of screw terminals. The 
strip can be attached to a panel or 
instrument case within a suitably 
shaped cutout to provide a basic, 
simple method of connecting 
cables to the instrument or equip- 


| mentin question. Bare wires can 


be wrapped around the screws 
before tightening, or spade term- 
inals can be used; the screw 
terminals have ears to positively 
locate the spades. 

The screws are M4 size, and 
suitable for use with 4BA spades 
and tag washers. Overall size of 
strip 42 x 18mm. 

Fixing centres 33mm. 

Screw/tag spacing 14.5mm. 


| Order As FK16S (Screw Term- 


inal 2-Way) Price 18p TQ 500 





4-Way Screw 
Terminal Strip 








go with our range of IDC cables | ie nad, | A four way version of the above. 
and connectors on page 128 of the Order As FJ37S (Logic Probe | miniature circuits or evenasa Overall size of strip 72 x 18mm. 
1985 edition of the Maplin | Case) Price £2.86 TQ 25 | junction box for a number of Fixing centres 62mm. 

catalogue. | cables etc. Screw/tag spacing 14.5mm. 
Order As BK96E (34-Wy IDC Skt Small Narrow Box | Order As FT31J (Small Narrow Order As FK17T (Screw Term- 
+ Chle) Price £3.85 TQ 25 | Aplain version of the new case for | Box) Price £2.75 TQ 25 | inal 4-Way) Price 28p TQ 250 
Gold Plated Yin | below. 

Stereo Jack Plug | Wire for winding the secondaries 






A gold plated stereo “sin jack 
plug, having a plated barrel in 
addition to gold plated contact 
areas, plus a coil spring strain 
relief sleeve. To complement the 
gold plated mono jack plug on 
page 117 of the 1985 Maplin 
catalogue. 

Order As FM12N (Gold Stereo 
1/4in Jk) Price £2.15 TQ 25 


Transformer Kits 

At last you can wind your own 
mains transformers to your speci- 
fication. Your power supply 
requirements might include an 
odd or ‘unorthodox’ secondary 
winding, which can be easily 
catered for by building a trans- 
former kit, thereby obviating the 
tedious process of searching 
through the catalogues and 
adverts for a transformer to meet 
your needs, and having to settle 
for one having a higher speci- 
fication or additional secondary 
taps which are expensive and 
which you don’t really want. 

As an example, a digital frequency 
counter using a flucescent multi- 
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| digit display will require +5V for 


its logic circuits, and then a 3 volts 
AC heater feed for the display. Or 
you may want a +5V supply for 
your home made microprocessor 
system, plus an additional 25V tap 
for programming EPROMS. The 
only recourse is to use two 
seperate transformers, which use 
up space and money. 


20W Transformer Kit 

This 20W transformer kit com- 
prises a double section bobbin 
ready wound with a 120-240V 
mains primary winding, soft iron 
core ‘E’ laminations, end mounting 


| ‘frames’ and clamping bolts. The 


number of secondary tums req- 
uired can be found by multiplying 
the required secondary output in 
volts by 3.7. 

The maximum current output 





depends on the wire cross section 
of the secondary winding (see 
table below). The total power 
output of all secondaries cannot 
exceed 20VA. 

Enamelled copper wire for wind- 
ing the secondaries is not 
supplied. 

Order As YJ61R (Transformer 
Kit 20W) Price £5.49 TQ 10 


50W Transformer Kit 
A transformer kit having a ready 
wound 120-240V mains primary 


| winding, soft iron ‘E’ laminations 


and end frames. Secondary wind- 
ings can be wound for a total 
output not exceeding SOVA. 

The number of secondary turns 
required can be found by multi- 
plying the voltage output required 
by 4.9. To find wire gauge for 
current output required see table 


is not supplied. 


| Order As YJ62S (Transformer Kit 


50W) Price £7.49 TQ 10 


100W Transformer Kit 

A transformer kit having a ready 
wound 120-240V mains primary 
winding, 'E' core laminations, end 
frames and clamping bolts. 
Secondary windings can be 
wound using enamelled copper 
wire for a total power output not 
exceeding 100VA. To find the 
number of secondary turns req- 


| uired multiply output voltage 


required by 6.4. To find wire 
gauge for the output current 
required see table below. 

Wire for winding the secondaries 
is not supplied. 

Order As YJ63T (Transformer 
Kit 100W) Price £9.99 TQ 10 


| NOTE: Under no circumstances 


should you attempt to modify or 
rewind the mains primary winding 
if the transformer is to remain safe 
to use. The primary windings have 
been properly assembled and 
tested during manufacture and 
should not be interfered with. 
Note that the total number of tums 
that can be accommodated on the 


| former are reduced in proportion 
| to increasing output current, and 


therefore, increasing wire sizes. 
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Output Current Calculation Table | 
Wire Wire Max Max number of turns for - 

















Gauge Dia. Curent 20VA 50VA 100VA 
S.W.g mm. Out 
| 36 0.2 100mA =-:1664 2394 3300 | 
34 0.224 150mA 1363 1938 2652 | 
32 0.25 200mA 1092 1581 2135 | 
| 30 0.315 300mA = 714 1025 1421 
26 0.4 S00mA 459 660 897 
| 24 0.56 1A 228 336 476 
22 0.71 1SA 150 209 286 | 
21 0.8 2A 104 160 240 | 
20 1.0 3A 77 104 144 
18 1.28 SA 40 60 96 
16 1.5 715A 28 40 60 Poy 
| 
Ergo, you will not be able to | capability as defined by the core’s | 
achieve a high current high volt- specific inductance. 
age output from a transformer kit | NEVER attempt to use tinned | 
that is too small. This limits the | copper wire in place of enamelled es 
maximum output power available copper wire, regardless of how 
in addition to the power transfer | small the winding. overall pressure. | 35.5mm wide x 33mm deep x 
40mm high. Weight - 45gms. 
a An output power less than the | Order As FT32K (50W Ferrite 
} oo maximum canbe achieved by =| Tyan Kit) Price £4.75 TQ 25 
Ferroxcube H.F. Ferrite Two kits are available in 50 or 100 progessively reducing the input | 
Transformer Kits watt versions. Each kit comprises switching frequency belowthe | 100OWKit 
These ferrite cored, high power two E’ shaped halves of the ferrite | optimum, or by shorteningthe ‘on’ | Overall dimensions assembled 
transformer kits form a useful | core, a high temperature, moulded time of the switching waveform. | including clamps, studs and nuts: 
addition to complement our range maranyl core former, and 16 : 41.6mm wide x 37.4mm deep x 
of pot cores, providing for those winding termination solder tags | 50W Kit : 47mm high. Weight - 70gms. 
applications where even the larg- which can be inserted into the Overall dimensions assembled | Order As FT33L (100W Ferrit 
est pot core is not powerful former as required. | including clamps, studs and nuts: Tran Kit) Price £5.75 TQ 25 
enough. Ideal for such applica- The assembled transformer is | F == eS eee 
tions as voltage inversion, step-up very compact, for example the || Specifications 50Wcore 100W core 
or step-down, power oscillators, 100W version does not exceed | Absolute maximum power through-put 
or switch mode regulated power 40mm in any dimension. The push-pull driven @ 25kHz - ” 13w 1S0W 
supply systems. Using a frequency | ferrite core is provided with outer | | Effective total core loss @ 25kHz - 1.1W 2.2W 
substantially greater than the 50Hz grooves to acceptlong6BA bolts = | Ambient operating temperature - 60°C 60°C 
mains, with a suitable push-pull or studs to hold the two halves | Maximum operating temperature - 100°C 100°C 
driver circuit, at the optimum | together when assembled. These | | Total ferrite volume - 7780mn? 12600rmn? 
Operating frequency of 25kHz(or | fixings must be of brass or Total centre pole volume - 1740 mri = 2980mn? 
lower for reduced output) these similarly non-ferrous material, and | | Maximum permissible core centre pole 
transformers offer much reduction | it is recommended that top and flux density before saturation @ 100°C- 320mT 320mT 
in space and weight compared bottom clamping plates be made | Most stringent example of SOW output- 5V@10A SV @20A 
with iron cored transformers for on which the nuts of the studding Recommended core clamping force-  ~20kgf =28kgf | 
the same power output. should act to provide an even | | ¥) ; 7 E - 






























































= TOP TWENTY BOOKS 


pe 


1.(11) Remote Control Projects, by Musi > 14.(17) 68000 Assembly Language 
Owen Bishop. (XW39N) Cat. P44. | b Programming, by Kane, Hawkins and 
2. (3) ICSS5S Projects, by E.A. Parr. (LY04E) Leventhal. (WA04E) Cat. P85. 
Cat. P46. 15. (-) The TTL Data Book, by Texas 
3. (1) How to Design & Make Your Own Instruments. (WA14Q) Cat. P39. 
PCB's, by R.A. Penfold. (WK63T) Cat. | 16. (-) Electronic Music Projects, 
P41. by R.A. Penfold. (XW40T) Cat. P48. 
4. (2) Power Supply Projects, by 17. (20) How to Build Advanced Shortwave 
R.A. Penfold. (XW52G) Cat. P43. Receivers, by R.A. Penfold. (RB26D) 
5. (14) A Z80 Workshop Manual, by Cat. P49. 
E.A. Parr. (WA54J) Cat. P85. 18. (-) Second Book of Transistor 
6. (5) Understanding Telephone Equivalents and Substitutes, by 
Electronics, by J. Fike and G. Friend. B. Babani. (RH) 1M) Cat. P38. 
(WK4SY) Cat. P44. 19. (-) Electronic Science Projects, by 
7.(12) How to Use Op-amps, by E.A. Parr. Owen Bishop. (WA49D) Cat. P44. 
(WA29G) Cat. P41. 20. (8) Electronic Synthesiser Projects, by 
8. (6) Audio Projects, by F.G. Rayner. MLK. Berry. (XW68Y) Cat. P48. 
(WG46A) Cat. P47. 
9. (-) Radio Control for Beginners, by 
F.G. Rayner. (XW66W) Cat. P44. 
10. (7) How to Build Your Own Solid State 
Oscilloscope, by F.G. Rayner. 
(XWOTH) Cat. P45. | 
1]. (4) International Transistor Equivalents 
Guide, by Adrian Michaels. (WG30H) 
Cat. P38. 
12.(10) Electronic Security Devices, by 
R.A. Penfold. (RL43W) Cat. P44. 
13. (13) Z80 IC's Data Sheets (4th Edition). wide range of electronics and 
(RQS4J) Cat. P40. computing topics. 
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These are our top twenty best 
selling books based on mail order 
and shop sales during July, August 
and September 1984. Our own 
magazines and publications are 

| not included. The Maplin order 

| code of each book is shown 
together with page numbers for 
our new 1985 Catalogue. We stock 
over 500 different titles, covering a 
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| VARIOUS FOR SALE 


























tea wcades eee woukd like to ee an 
| SYNTHESISER CASE (ETI 3800) with | 
keyboard and contacts, £50 0.1.0. the | 
pair (also available separately). Also | 
Calscope Super 6 single beam 

oscilloscope, £75 o.n.o. Tel: 01-902 1009. 

KEF 104a B Drive units and crossovers 

(for stereo pair). Value over £100, | 
bargain at £50. Please write to: Jon | 
Anderson, 24 Alnwick House, Jaruis 

Road, Birmingham B23 SRP. 

14” COLOUR MONITOR TTL/RGB, | 


activities — absolutely free of 
charge. We will publish as many 


for. To give a fair share of the 
limited space, we will print 30 
words free of charge. Thereafter 


£110. Galanti Organ with integral Leslie, 


note that only private individuals 
drum synth, etc., walnut, technical 


will be permitted to advertise. 


manual, £380. Tel: Eastbourne 55728. Commercial or trade advertising is 
MAPLIN LASER with power supply. | ——- I 

Full working condition, £100 (no offers 

please). Buyer collects. Tel: 0780-86293 Small, 8 Cherrytree Road, Chinnor, 
(Lincs.) | Oxon. 

SERVICE SHEETS Private collection, 

various Radio/TV 1989/80. Regret no | CLUBS 

lists. Send SAE with enquiry: F Harrop, ATARI OWNERS issue 7 of the U.K. 


HEATHKIT High Voltage Regulated 
Power Supply. Model IP-2717. General 
Details: 0-400V, DC regulated at 
100mA; 0-100V, DC at ImA; 6.3V, AC at 
4 amps; 12.6V, AC at 2 amps. Volt meter 
and mA meter on front panel (little 
used), £80 o.n.o. Write to: Mr Taylor, 32 
Newton Van Pk, Newton St, Faith, 


Norwich. | plus 30p postage. 


18 Keymer Road, Brighton BH1 8FB. Atari Computer Owners Club 
tutorials on Machine Code Interrupts, 


| Ultra Fast String Search routine, 
| Adventure column, the Compressor, 


Library, reviews of new software and 


CO-AXIAL CABLE White, overall 
diameter Smm, brand new on 100 metre COMPUTERS POR SALE 
ITT 2020 APPLE II Microcomputer 


reels. Five reels at £10 each, plus 
postage. Contact: M. Taylor, I] Copse with 16K RAM card, B/W Apple high 


Close, Northampton NN2 6PX. resolution graphics using Jailbreak, 
PRIVATE COLLECTION of technical joystick and manuals etc., £250 o.n.0. 
information may contain the circuit you Tel: 081-426 8742. 
are after. Any make/age/model | 

bik | MUSICAL FOR SALE 


electronic equipment. State 


requirements. SAE for details: Mr | MES 53 ORGAN with MES 88 rythym 


tity Secnbbea i in the Maplin 
advertisement in this section, here's Magazine. 
your chance to tell Maplin’s 200,000 
customers what you want to buy or 
sell, or tell them about your club's 


Please print all advertisements in 
bold capital letters. Box numbers 
are available at £1.50 each. Please 
| send replies to Box Numbers to the 
address below. Please send your 
advertisement with any payment 
necessary to: Classifieds, Maplin 
Mag., P.O. Box 3, Rayleigh, Essex 


advertisements as we have space 


the charge is 10p per word. Please 


unit, 53OW amp, speakers. Fully 
assembled in solid walnut console. 
Requires final tune. Cost over £800 — 
£376 o.n.o. Buyer collects. Tel: 01-808 
8780 (office), 0277-821534 (evenings), 
Mr. Faulker. 

MAPLIN MATINEE ORGAN Good 
working order, hardly used, £380 o.n.o. 
Tel: Matlock, Derbyshire (0629) 3813. 


newsletter is now available. It contains 


Teach yourself machine code, Software 


tmuch more. Send for your copy now, to 
P.O. Box 3, Rayleigh, Essex at only £1.00 


Includes Legs. £120 o.n.0. Tel: Windsor 
63873. 


E&MM ACTIVE SPEAKER PCB's, set 
of 2, perfect condition, £3. Tel: 01-689 


MES 52 ORGAN comprising two 49 
note keyboards, auto rhythm , auto No: 36. 














CLASSIFIED 














| chords, 13 note pedalboard. £180 o.no. 
Tel: Southend (0702) 820018. 
| 5600 SYNTHESISER Needs finishing 
touches. Offers for quick sale. Tel: 
01-887 3240 (evenings). 
| DIGISOUND Modular Synthesiser, 8 
| modules, VCO, state variable VCF 
| (needs slight attention), dual ADSR, 
VCA, PSU, cased, £96. Powertran DDL 
1-6 seconds delay, hold, modulation, 
| 


SS6 BLR. etc., £190. Tel: Basildon 588389. 
CHORUS FLANGER Unit, perfect 
| For the next issue your working order, hardly used, £86 o.n.o. 
advertisement must be in our hands Tel: 0233-812250. 
| by Sth January 1988. SEQUENCER for Maplin 5600/3800 


—! 


Staffordshire ST 15 OHP. 

MAPLIN SPECTRUM SYNTH £175. 
All boards finished and most of wiring 
complete. Includes metalwork and 


| 
| 
| Mr Lister, 68 Bankside, Stone, 
woodwork but CEM IC's required 


MAPLIN MA’ ORGAN Very (about £40). Ring: Dave, 01-672 9429 

good working order with all (evenings.) 

Tel: Abingdon (0238) 831391. WANTED 

ELECTRONIC PLANO Maplin design, VOLUMES 1,3,4 from the 1977 

five octaves, three voices, touch published series of program books for 

sensitive. Complete with power the Sinclair Cambridge 

amplifier/loudspeaker unit. All genuine Pocket Calculator. Contact: S. North, 

teak finish. Excellent conditions. Moat Farm, Burgh, Woodbridge, 
Suffolk IP13 6]W. 


PENFRIEND. I would like to 
communicate with a girl or boy who is 
interested in electronics or music. 
Contact: Meherdad AGAH, IEHERAN, 
IRAN, Azadist, Jeihun St, SADI Alley, 





ONLY £3 A YEAR 


The best way to buy a quarterly magazine 
is by subscription, because it’s hard to 
remember when new editions are due. 
And it's just as hard for newsagents to remember, 

which is why you may find our magazine hard to get. 

So make sure you get every issue of ‘Electronics’ by 

sending a subscription now. Clip the coupon below 

and we'll ensure that you get every issue of Britain’s 

‘biggest selling electronics magazine in the UK’, as 
soon as it’s published. 


P.S. Don't forget to renew your subscription, either! 


Don't delay, send your cheque or postal order now to: 
Maplin Magazine Subscriptions Dept., 
Maplin Electronic Supplies Ltd., 

P.O. Box 3, Rayleigh, Essex SS6 8LR. 

I enclose £3 (Overseas: surface £3.96, air £6.48) for 

1 year’s subscription to the Maplin Magazine. 


Please start from Issue No. .........cccscscssscssssssssesressessataccenens 


Issue 14 on sale 9th February 1984. 








1985 CATALOGUE 
On Sale Now! 


The amazing Maplin Catalogue 
is here again! The new edition 
is packed with hundreds and 
hundreds of new electronic 
components to bring you right 
up to date with ali the latest 
developments. As all home 
constructors agree (anda 
good many professionals too) 
the Maplin Catalogue is the 
one essential piece of equip- 
ment they need for their 


hobby. And now with all our 7" A ® 
prices on the page the Maplin Catalogue is better 
value than ever. 


Pick up a copy now at any branch of W.H. Smith or in 
one of our shops. The price is still just £1.35. 
Alternatively, you can get a copy by post by sending 
£1.75 (including postage) to our Rayleigh address and 
quoting CA02C. 


Overseas Prices 
Europe surface mail 
Europe air mail 
Outside Europe surface mail 
Outside Europe air inail 
(depending on distance) £5.25/£6.85/£7.95 
For surface mail anywhere in the world you may 
send eleven International Reply Coupons. 


£2.40 
£3.70 
£2.40 
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DID YOU MISS THESE ISSUES? 


Project Book 7 


Copies of issue 7 are still 
available, contents include: 


LW WLAN Sry 


CMOS Crystal Calibrator. A device 
which enables Radio Amateurs to 
check receiver calibration & Amateur 


Band positioning. at 

DX’ers Audio Processor. Improve the : 

performance of your communications 96 66466 

receiver — no modifications needed. = 1 ’ ‘ 
Enlarger Timer. An accurate timer Tere [rs - ed h 

with a display that allows it to be used - vas 

for colour enlarging. 

Sweep Oscillator. A useful easy-to-build item of test equipment. 


VIC20 & ZX81 Interfaces. Connect either of these computers to 
modems, printers, VDU’s or any other RS232 compatible device. 


All this for only 70p. Order As XA07H (Maplin Project Book No. 7) 
Price 70p NV. 


Electronics Issue 9 


Copies of issue 9 are still 
available, contents include: 


Spectrum Keyboard. 47 full size, full 

travel, keys; including single key 

Graphics, Shift lock, Delete, etc. Plugs 

directly into expansion port, 

VIC Extendiboard. Provides three 

expansion ports — one switchable. 

Oric Talkback. A speech synthesiser 

for the Oric 1 with vast vocabulary. al 

Infra-Red Movement Detector. Fitted — 

outside can detect people 30m away. 

TDA7000 FM Radio. Easily built radio — requires no alignment. 
2X81 High Resolution Graphics. Full 256 x 192 fine pixel display, 
draw patterns, textures, etc. Operates from extended BASIC. 
Ten More Projects! including; Dynamic Noise Limiter for 
personal stereo, Logic Pulser, 1K Extendi-RAM for ZX81, 
TTURS232 Convertor, Pseudo Stereo AM Radio, plus lots more. 


_Al this for only 70p. Order As XA09K (Maplin Magazine Volume 
3 Issue 9) Price 70p NV. 


Electronics Issue 11 


Copies of issue 11 are still 
available, contents include: 


Mapmix. Six channel mono/stereo, 

battery operated audio mixer. 

Xenon Tube Driver. Compact driver, 

module with internal strobe oscillator. 

Enlarger Exposure Meter. Asimple & 

inexpensive meter with a wide range. 

8 Channel Fluid Detector. Monitor 

fluid level with 8 LED display or check 

for fluid level in up to 8 containers. 

Servo & Driver Module. Complete 

servo mechanics & driver module kit. 

Mark Il Noise Reduction Unit. An enhanced design of the 
Noise Reduction Unit, improves signal-to-noise ratio by 30dB. 
Cautious Ni-Cad Charger. This advanced design features; 
multiple cell charging, auto discharge, fast charge & much more 
Motherboard for the BBC Micro. Gives easy access to ports. 


All this for only 70p. Order As XA11M (Maplin Magazine 
Volume 3 Issue 11) Price 70p NV. 


Project Book 8 


Copies of issue 8 are still 
available, contents include: 


) > 
Modem/RS232 Interface for Spectrum WAR» ad 
computers, operates up to 2400 Baud, 
has self contained operating system. Fe 
Synchime. Simulate bells, gongs, etc., ¥~ ¥ 
with this interesting project. 
Dragon 32 RS232/Modem Interface. 
Plugs directly into ROM expansion 
port, has programmable word format. 
Codelock. A programmable electronic 
lock which has many applications. 
Logic Probe. Digital display instantly shows CMOS logic states 
Minilab Power Supply. A versatile unit for your test bench. 
Dragon 32 I/O Ports. Two 8 bit ports; plugs into cartridge socket. 
Doorbell for the Deaf. Flashes a bulb to attract attention. 


All this for only 70p. Order As XA08J (Maplin Project Book No. 8) 
Price 70p NV. 


Electronics Issue 10 


Copies of issue 10 are still 
available, contents include: 


Spectrum Easyload. Novel battery 
powered unit will enhance cassette 
loading with the Spectrum. 

80m Receiver. Single-sideband, direct 
conversion, easy to build and align. 
Fluorescent Tube Driver. An 8 Watt 12 
Volt unit; ideal for camping, etc. 
2.8kW Power Controller. A versatile Sra 

device which will handle up to 2.8kW. 

Auto-Waa. Automatically produces Waa-Waa type effects. 
Digi-Tel Expansion. Enables the Maplin Digi-Tel telephone 
exchange to be expanded to accommodate 32 extésions. 

Oric 1 Modem Interface. Connect the Maplin Modem to an Oric. 
Dragon Extendiport. This project enables the cartridge socket 
on the Dragon 32 to be brought to a more accessible position. 


All this for only 70p. Order As XA10L (Maplin Magazine Volume 
3 Issue 10). Price 70p NV. 


Electronics Issue 12 = 


— 
Copies of issue 12 are still _ 
available, contents include: 


RTTY Unit. Our TU 1000 project will 

receive and transmit and has the 

RS232 port for direct connection to 

your computer. 

Computadrum. This project will 

enable you.to turn your computer into 

a drum synthesiser. 

Light Pen. Draw pictures on your TV 

screen or select menu options with 

this light pen. Much cheaper than 

hitherto commercially available ready 

built units. 

PWM Motor Drive. High performance model motor driver 
for 6V and 12V operation. 

The 2X81 & Your Boat. A feature describing how to install a 
computer controlled navigation system into your boat. 
Project Fault Finding. Start of a series which shows how to go 
about solving problems. 


All this for only 70p. Order As XA12N (Maplin Magazine 
Volume 3 Issue 12) Price 70p NV. 
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The amazing Maplin Catalogue is here again! 
The new edition is packed with hundreds and 
hundreds of new electronic components to bring 
you right up to date with all the latest 
developments. As all home constructors agree 
(and a good many professionals too) the Maplin 
Catalogue is the one essential piece of equipment 
they really need. And now with all our prices on 
the page the Maplin Catalogue is better value 
than ever. 


























On Sale From 10th November 1984. 


Pick up a copy as soon as it’s published at any 
branch of W.H. Smith or in one of our shops. The 
price is still just £1.35, or £1.75 by post from our ; = 

Rayleigh address (quote CA02C). 4 — 


Post this coupon now for your copy of the 1985 catalogue. 
Price £1.35 + 40p post and packing. If you live outside the U.K. 
send £2.40 or 1] International Reply Coupons. 

lenclose £1.75. 


Maplin Electranic Supplies Ltd. Mail Order: P.O. Bax 3, Rayleigh, Essex SS6 8LR. 
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